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LOW METHOXYL PECTINS, PROCESSES THEREOF, 
AND STABILIZED AQUEOUS SYSTEMS COMPRISING THE SAME 

CROSS-REFERENCE TO RELATED APPLICATION 
The present application is a continuation-in-part application of U.S. Application No. 
09/589,888 filed June 9, 2000 the entire disclosure of which is expressly incorporated by reference 
herein. Furdier, the present application is related to U.S. Application No. 09/589^87 filed June 
9, 2000, entitied "Deesterified Pectins, Processes for Producing Such Pectins, and Stabilized 
Acidic Liquid System Comprising the Same" the entire disclosure of which is expressly 
incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

1, Field of the Invention 

The present invention is directed to low melfaoxyl pectins that display pseudoplastidty and 
no phase separation in aqueous solution compn^g at least one polj^alent cation, and processes 
for producing the same. In particular, the present invention is directed to low methoxyl pectins 
prepared firom non-caldimi soisitive pectins. The present invention is also directed to processes 
for suspending particulates using low methoxyl pectins prepared fi'om pectins which are not 
sensitive to polyvalent cations such as calcium, and in particular using low methoxyl pectins 
prepared firom non-calcium sensitive pectins (NCSP). Furthermore, the present invention relates 
to stabilizing particles in aqueous systems containing low methoxj^l pectins prq>ared fix>m non- 
calcium sensitive pectins. ^ 

2, Background of the Invention and Related Art 

The problem encountered with drinks containing insoluble components, such as pulps, 
clouds, insoluble jparticles, essential oils, and the like, is the tendency of the insoluble components 
to separate, e.g., via sedimentation or creaming. 

In order to maintain insoluble components in suspension, xanthan has been added to fiuity 
drinks to raise the viscosity or alter the rheology of the drink. Xanthan, when added to aqueous 
solutions even at low concentrations, also exhibits very strong pseudoplasticity and 
pseudoplasticity at low concentration without any evidence of thixotropy. However, xanthan 
results in negative organoleptic perception (undeskable mouth-feel) in beverages. Thus, there 
is a need to provide a suspension aid that has the desued particle suspension properties of vgmtfian 
without the undesired mouth-feel. 
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Alginates and pectins have also been used in beverages in an attempt to suspend insoluble 
particles. Alginates and pectins, however, tend to undergo syneresis or phase separation during 
long term storage. Attempts have been made to use pectins as suspension aids with reduced 
syneresis properties. Pectins are complex polysaccharides having exposed reactive carboxylic 
acid moieties. More specifically, pectins are composed primarily of D-galacturonic acid, 
intCTTiipted with sugars such as L-xhamnose. The D-galacturonic arid subunils have reactive sites, 
hi the presence of a polyvalent cation, such as calcium (Ca^^), the add moieties or reactive sites 
of dissolved pectm form a bridge across tibe calcium with the acid moieties fix)m other nearby 
pectin molecules, forming a gelatinous mass. 

Pectin is available as either a low methoxyl pectin (LMP) or high methoxyl pectin (HMP). 
Low methoxyl pectin has a degree of esterification (DB) of less than about 50% and is highly 
reactive with cations. High methoxyl pectm has a DE of greats than about 50% and is less 
reactive with polyvalent cations such as caldum. 

The tenn "d^ree of esterificatiaii*' is intended to mean the extent to -windSi ftee catboxylic 
add groups contained in the polygalacturonic add diain of the pectin have been esterified (e.g., 
by methylation) or in other ways rendered non-addic (e.g., by amidation). 

The structure of the pectin, in particular the DE, dictates many of the resultant physical 
and/or chemical properties of the pectin. Pectin gelation also depends on the soluble-solids 
content, the pH and calcium ion concentration. Wtth respect to the lattCT, it is believed that the 
calcium ions form complexes with ftee carbo^^l groups, particularly those on LMP. 

Pectin, as first extracted, has a relatively high d^ree of esterification of about 70-75%. 
Such pectin is ideal for use in jam and jellies. However, other uses requite the preparation of 
pectins with different setting diaracteristics. This can be accon^lished by modifying pectin to 
reduce the d^ree of esterification. One common process for adueving this is an add hydrolysis. 
AMemative processes are directed to the use of alkali at low temperatures, ammonia, or purified 
pectin esterase. 

During deesterification, the ester groups on the pectin can be removed in a random or 
blockwise manner. When the ester groups are removed firom any galacturonic add residues 
chemicaUy or vfben using very specific enzymes, deesterification can occur in a "random 
manner." When the ester groi^ are removed eifiier at non^edudng ends ornext to ftee carboxyl 
groiq)s by a single-chain mechanism, they are referred to as bdng deesterified in a "blockwise 
manner," as blocks of unesteiified galacturonic add units ate created. The unesteiified 
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galacturonic acid units formed by blockwise deesterij5cation are highly reactive to polyvalent 
cations. Pectins having such blocks are said to be "calcium sensitive." 

Pectins that have been reduced to low methoxyl pectins can gel in the presence of 
polyvalent cations. Calcium is the niost common source of polyvalent cations for food gel 

5 . applications. Gelation is due to the formations of intermolecular junction zones between 
homogalacturonic acid units. Because of the electrostatic nature of the bonds, pectins gels are 
very sensitive to conditions which can modify the environment of the carboxyl groups through 
which the calcium ion is linked to a neighboring pectin molecule. The gel forming ability of 
pectin increases with decreasing DE, and low or high methoxyl pectins with blockwise 

10 distribution of free carboxyl groups are very sensitive to low calcium levels. As the number and 
si2» ofblocks along the pectiii backbone increase, the sCTsitivity to calcium i^ However, 
a typical problem associated with the increasing sensitivity of a pectin to calcium is an increased 
tendency for the pectin to pre-gel and to display syneresis. 

Amidation also increases the gelling ability of low methoxyl pectins. Amidated pectins 

15 require less calcium to gel and are less prone to precipitation at elevated calcium levels. Amide 
groins along the pectin backbone associate through hydrogm bonding allowing gelation at Iowa- 
calcium levels. 

Attempts have been made in the industry to use pectin as a suspending aid. For exanople, 
U.S. PatmtNo. 5,866,190 issued to Barey discloses con^sitions for stabili2anganon-nMlkdriii 

20 containing insoluble components comprising a pectin and alginate. The pectin of Barey can be 
amidated or non-amidated HMPs and LMPs. These comi>ositions, however, display high levels 
of syneresis. It is also essential that the pectin/algfaiate mixture be dissolved in aqueous medium 
in the absence of firee calcium ions or ttiat a calcium complexing agent be used. The complexing 
agent is added either to the pectio/alginate solution or to the firuit juice. 

25 EP 0 664 300 Al, and U.S. AppHcation Serial Nos. 08/161,635, now U.S. Patmt No. 

6,143346 and 08/890,983, now U.S. Patent No. 6,207,194 to Glahn disclose tiie use of pectin as 
a suspension aid in foodstufTs, personal hygjmic devices, and in cosmetics. The pectin of Glahn, 
however, displays an increased tendency to form gels which show high levels of syneresis. 

The pectin of Glahn is HMP containing two jBractions, a caldmn sensitive pectin (CSP) 

30 and a non-calcium sensitive pectin (NSCT). "Non-calcium sensitive pectin" fraction refers to a 
fraction having a lower degree of calcium sensitivity. "Calcium sensitive pectin" fraction refers 
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to a fiaction having a higher degree of calcium sensitivity. "Calcium sensitivity" is intended to 
mean the ability of pectin to become viscous in solution by the addition of calcium. 

Typically, commercial low methoxyl conventional (LMC) and low methoxyl amidated 
pectins are prepared from the unfractionated pectin (containing CSP and NCSP as disclosed in 
Glahn). Random deesterificafion by chemical methods and/or enzymatic processes is typicafly 
usedtopreparelowmelhoxylpectinficmianunfiactionatedpectinprecursor. The lesuWng pectin 
is a mixture of low DE CSP with caiboxyl blocks of increased size and number with a low DE 
NCSP fraction with completely random caiboxyl distribution. These pectins with larger and more 
numerous carboxyl blocks are more sensitive to calcium, and thus display an increased tendency 
to form gels which show high levels of syneresis. 

In view of the above, there is an existing need for a pectin suspension aid that has shear 
tbinning behavior for use in aqueous food, cosmetic, and pharmaceutical products. 

There K also an existing need for a pectin to produce a stable aqueom system with sh^ 
thinning behavior (pseudoplastidty) and acceptable mouth-feel for use as a particle suspending 
aid. A "stable aqueous system" refers to an aqueous system that can maintain stable viscosity at 
rest or under controDed shear conditions. "Stable viscosity" or "stability" refers to the 
maintenance of the insoluble components in suspension and the homogeneity of the suspension 
initially formed. Rheologically this is often referred to as high, low shear viscosity or 

pseudoplasticity. Stability also means that fteAeology of the aqueous system is stable for a tane 
period of at least one to tv^lve months or longer. 

In addition, there is also an existing need forapectin that does not undergo syneresis^ 
storage or form a separate gel phase even in the presence of i^ativebr high levels of calchan siich 
as250mM. 

SUMMARY OF THF. INVENT! ON 
In view of the foregoing, one aspect of the invention is duected to low methoxyl pectins 
ftat display pseudoplasticity and no phase separation in an aqueous solution comprismg at least 
onepolyvalentcation.andaieprq>aredfromnon.caldumsaisitivepectins. The present inventi<m 
is also directed to processes for producing low methoxyl pectins piq^red from non-calcium 
soisitive pectins. 

The present invention also relates to processes for suspending insoluble components in an 
aqueous system using lowmethoxylpectim that display pseudoplasticity and 
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The present invention is still fiirtber directed to stabilizing particles in aqueous systems containing 
low metboxyl pectins prepared from non-caldum sensitive pectins. 

The low methoxyl pectin of the present invention preferably has a degree of esterification 
from about 20 to 50%, and more preferably from about 24 to 40%. 
5 The molecular weight of the low metiioxyl pectin of the jvesent invention is prefwably 

from about 60 to 1 50 kDalton, and more preferably from about 80 to 1 00 kDalton. At a 

shear rate of about 0.04s'*cPs, the low methoxyl pectin of the present invention preferably has a 
viscosity of at least about 300 cPs, and more preferably from about 800 to 1,200 cPs. 

At a shear rate of about SOsr^cPs, the viscosity of the low methoxyl pectin of the present 
10 invention is preferably from about 1 to 20 cPs, and more preferably from about 2 to 10 cPs. 

At a shear rate of about 100s"'cPi5, the low methoxyl pectin of the present invention 
preferably has a viscosity from about 1 to 15 cPs, and more preferably from about 2 to 7 cPs, 

The low methoxyl pectin of the present invention can be a powder form or an aqueous 
form having a pH from about 2 to 6. 
15 The degree of amidation of the low methoxyl pectin of the present invention is preferably 

from about 1 to 30%, and more preferably from about 4 to 21%. 

The degree of est^ification of the low methoxyl pectin of the present invention is 
preferably from about 30 to 55%, and more prefoably from about 40 to 52%. 

As discussed above, the present invention is directed to a process for preparing a low 
20 methoxyl pectin displaying pseudoplasticity and substantially no phase separation in an aqueous 
solution comprising at least one polyvalent cation which comprises treating a pectin starting 
material having a degree of esterification of greater tiian about 60% to obtain at least a non- 
calcium sensitive pectin fraction. 

The process of the present invention is prqjared by (a) treating a pectin starting material 
25 having a degree of esterification of greater than about 60% with a cation-containing preparation 
to obtain at least a non-calcium sensitive pectin fi*action and a calcium sensitive pectin firaction; 
(b) sq)arating the non-calcium sensitive pectin firaction firom flie calcium sensitive pectin fraction; 
and (c) deesteri^dng or deesterifying and amidating the non-calcitim sensitive pectin firaction to 
obtain the low methoxyl pectin. 
30 Alternatively, tiie nourcalcium sensitive pectin is prepared by (a) treating a pectin starting 

material having a degree of esterification of greater than about 60% witii an enzyme to obtain the 
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noiHcalcium sensitive pectin ftaction; or (b) reesterifying the calcium sensitive pectin ftaction to 
obtain the non-calcium sensitive pectin fraction. 

The pectin starting material has a degree of esterification ^ch is at least about 60%, and 
more preferably at least about 70%. 

5 The pectin starting material is obtained from at least one of citrus peels, ^le juices, ^le 

ciders, ^ple pomace, sugar beets, smrflower heads, vegetables or waste products from plants 
selected from at least one of ^les. sugar beet. sunflo>ver and citrus fruits, and more preferably 
from at least one of limes, lemons, gr^frmts. and oranges. 

The process of the present invention is prepared by deesterifying or deesterifying and 
10 amidating a non-calcium sensitive pectin to obtain the low metiioxyl pectin. 

The non-caldum sensitive pectin is deesterified with an add in a random feshion to obtain 
the lowmethoxyl pectin. The acid is at least one of nilri(^ hydrochloric, and sul&ric. liedegree 
esterification of flie low methoxyl pectin is from about 20 to 55%, and more preferably from about 
24 to 40%. 

15 "I^eprocess of fhepresentinvention canbeprqparedby deesterifying and amidating anon- 

caldumsensitivepectinwithabaseinarandomfeshiontoobtainthelowmethoxylpectin. The 
base is at least one of sodium hydroxide and ammonia. 

TTie degree of esterification that is at least about 1% and at most about 15% higher than 
the degree of esterification of the starting material, and more pref^ly at least about 7% and at 
20 most about 15% higher than tiie degree of esterification of the starting material. 

As discussed above, tiie present invention is directed to a process fi,r stabilizing 
particulates in an aqueous system which comprises adding a low methoxyl pectin to an aqueius 
system contaming suitable concentration of polyvalent cations, v«i«dn said lowmelhoxyl pectin 
displays pseudoplastidty and substantially no i*ase separation in an aqueous solution comprismg 
25 at least one polyval«rt cation. Theprocess further comprises adding a food, or cosmetic or 
pharmaceutical product to the aqueous system. 

Also as discussed above, tiie present invention is directed to a stabilizing particles in 
aqueous system containing a low methoxyl pectin tiiatdiq)layspseudoplasticity and substam^ 

no phase separation. The pHofthe aqueous system is from about 2.5 to 5. and more preferably 
30 from about 3 to 5. 

nie aqueous system of the present invention can comprise at least one of food product, 
cosmetic pwhict, and pharmaceutical product 
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Accordingly, it would be desirable to be able to provide pectin for use in suspendiog 
particulates in aqueous systems that: (1) has high, low shear viscosity, i.e., displays shear thinnmg 
(pseudoplastic) properties; (2) has shear thinning properties with acceptable mouQi-feel; (3) 
displays significantly reduced syneresis and/or phase separation in the presmce of relatively high 
levels ofcalcium and over long storage periods; and (4) undergoes minimal changes in iheology 
during long term storage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates that the yield point of a beverage system can be determined from the 
linear plot of stress (Pa) as a function of shear rate (s'^) by the Bingham extrapolation method. 

Figure 2 is a linear plot of viscosity as a function of shear rate, which depicts idealized 
pseudoplatic behavior of a beverage system. 

Figure 3 depicts the linear plot of stress as a function of shear rate of the pectin of the 
present invention as shown in Example 1 5. 

Figure 4 depicts the linear plot of stress as a function of shear rate of tibie pectin of the 
present invention as shown in Example 16, 

Figure 5 depicts the linear plot of stress as a fimction of shear rate of xanthan. 

Figure 6 depicts the linear plot of stress as a function of shear rate of the pectin of the 
present invention. 

DETAILED DESCRIPn ON OF THE INVENTION 
The present invention is directed to a low methoxyl pectin (LMP) that displays 
pseudoplasticity and substantially no phase separation in an aqueous solution comprising at least 
one polyvalent cation. 

Pseudoplasticity is the rfaeological behavior most desired for stabilization of particles in 
aqueous solution* An aqueous solution is characterized as being pseudoplastic if it displays 
extremely high viscosity "at resf ' (i.e., at zero shear rate) and low viscosity when shear is applied. 
This is also referred to as "shear thinning.'* 

The viscosity of the LMP of the present invention is as follows: at a low shear rate of 
0.04s-^cPs, the viscosity is at least about 300cPs, preferably about 300 to 2,b00(^s, more 
preferably fix>m about 400 to 1 ^OOcPs^ and most prefia:ably from about 800 to 1 ;200cPs; at a high 
shear rate of 50s-*cPs, the viscosity iis about 1 to 20 cPs, preferably about 1 to 10 cPs, more 
preferabfy from about 2 to lOcPs, and most preferably from about 3 to 5cPs; and at a high shear 
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rateoflOOs-'cPs, the Viscosity is about 1 to 15 cPs, preferably about 1 to 8 cPs, more preferably 
from about 2 to 7cPs, and most preferably from about 3 to 5cPs. 

"Phase separation" refers to the formation of a clear Uquid above a suspended bed of 
particles, often with a clear boundary Ime. Phase separation could also be referred to as particle 
sedimentationfortheaqueoussystemcontainingfhepectinofthepresentinventio^ Severephase 
SQMiation is characteized by clear liquid sunounding the particle bed on the sides as well as the 
bottom. Phase separation can include, but is not limited to, particle sedimentation and/or gel 
contraction. "Syneresis" is another term, often used with firm gels and not fluid gels. wWch is 
essentially the same as gel contraction, and is yet another representation of phase separation. The 
test for determining phase separation is described below in tiie example section labeled 
"Determination of Particle Sedimentation", vMc^ is used to determine phase separation for 
particle sedimentation. 

"Substantially no phase separation" ref«s to less than 10% of phase separation in the 

cationicaqueoussohitioncontainingthelowmethoxylpectinofthepr^entinvention. Thephase 
separation of the lowmeflioxyl pectin of the present invention is preferably at most about 10%. 
more preferably at most about 7%, even more preferably about 5%, and at most about 3%. 

"Substantially no particle sedimentation" refers to less than 10% of particle sedimentation 
present in the cationic aqueous solution containing the low methoxyl pectin of the present 
invention. The particle sedimentation of the low melhoxyl pectin of the prescmt invention is 
preferably almost about 10%, more preferably at most about 7%, even more preferably about 5%. 
and at most about 3%. 

hi addition, aWiougJi the LMP of the present invention does not substantiaUy form w^ 
gels in an aqueous solutions, it can gel in the presence of polyvalent cations. Examples of 
polyvalent cations preferably mclude, but are not limited to, calcium ions, magnesium ions, 
manganese ions, iron ions, copper ions, and aluminum ions, more preferably calcium ions and 
magnesium ions, and most preferably calcium ions. 

The amount of tiie polyvalent cation present m the aqueous sohition is preferably m the 
amount of about 1 0 ppm to about 1,000 ppm, more preferably about 50 ppm to about 500 ppm. 
still more preferably about 1 00 ppm to about 400 ppm, and most preferably about 200 to about 
300 ppm. 

The lowmethoxyl pectin (U^) of Represent invention is dsonon-thixotropicinaqu 
solution contaming suitable concaitration of polyvalent cations. That is, tiie LMP of tiie present 
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inventioii aids the aqueous solution to rebuild viscosity or recover very quickly when shear is 
removed. 

The LMP of the present invention is prepared from non-calcium sensitive pectins. As 
discussed above, "non-calcium sensitive pectin" fraction refers to a fraction having a lower degree 
of calcium sensitivity. "Calcium sensitive pectin" fraction refers to a fraction having a higiher 
degree of calcium sensitivity. "Calcium sensitivity (CS)" is intended to mean that property of a 
pectin product related to an increase in the viscosity of a solution of the pectin product under 
appropriate conditions. 

The LMP of the present invention can be in a form of a powder or aqueous system. The 
pH of the aqueous system is preferably about 6 to 0.5, more preferably about S to 1, and most 
preferably about 4 to 2. 

The LMP of the present invention is prepared by (1) deesteri^dng, or (2) deesterifying and 
amidating a non-calcium sensitive pectin (NCSP) with at least one of acid, base, and enzyme. 

Examples of suitable acids include, but are not limited to, nitric, hydrochloric, sulfriric, 
preferably nitric and hydrochloric, and more preferably nitric. 

Examples of the base include, but are not limited to, sodium hydroxide and ammonia, 
preferably sodium hydroxide and aitnmonia, more preferably ammonia. 

!Bcamples of the ^xzyme include, but are not limited to, polygalacturonase, pectate lyase, 
preferably fimgal pectin esterase, and more preferably pectin methylesterase (random). 

In one prefened embodiment of the present inv^tion, the NCSP is pref^rahly deestecified 
witii an acid in a random fa^on to produce low metiioxyl conventional pectins O^MC pectins). 
The LMC pectins of the presait invention have a molecular weight from about 60 to 1 50 kDalton, 
preferably from about 70 to 120 kDalton, and most preferably from aboxit 80 to 120 kDalton. 

The molecular weight of the pectin of the present invention is preferably calculated by 
measuring the relative viscosity of a 0.1% pectin solution using Na-hexametaphosphate. The 
apparatus used in this calculation are (1) at least two Witeg-Ostwald-viscosimeters or similar 
viscometers vnth 100 to 150 second outlet time for water (25 ^'Q; (2) transparent thermostated 
water bath (25.0*'C ± 0.3 **C); and (3) digital stop watch. 

The reagent used in calculating the molecular weight of the pectiin is Na- 
hexametaphosphate which is prepared by: (a) dissolving 20.0 g ofNa-hexamet^hosphate in 1800 
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mlione«4»geddeaerated(boiIed)«^(b)adjustingfl«pHto4.50± 

(c) ditaaiig the solution with ion exchanged deaerated (boiled) water nntU 2000 ml. 

Tie procedure for calculating a,e molecular weight of the pectm is as foW (i) dean 
the vu^osimeters; (2) measure the «tflet time the viscosimeters 6« each fteshly 
hccametaphosphate solution and for every new woridng d^ «tee pectin solutions are being 
measured and immedialely beftte measuring the necessaty quantity of hexamet^hosphate 
sotodon fihered ftrough a glass fiher No. 3; (3) detennine the pectin sample syst«n as follows- 
(a) acd wash the pectin; (b) weigh approximately 90 g hexametaphosphate solution in a tared 

beaker wia magnet (c) graduany add 0.1g acid washed pectin to the 90 g hexametaphosph^e 
sohmon in a tared beaker «Wle stirring; (d) heat fte sotation to 70"C while stitring until the 
pectm ,s completely dissolved; (e) cool the solution to 25-C: (f) q.s. (weigh ,p) u, 100.0 g wifl, 
I>«=meMK^solutian; and(g)ffl,er.h,ough aghssfiherNo. 3; (4^ 

for evety molecular weight det«nin«i™. two di£fa«tf viscosimetets; and (5) calculate fl» 
molecular weight sq»rately for ead, viscosuneler using the latest measured omlet time for 

"•^ametapkosNate solution on fl«> viscosimete in question. If fl.e difference between two 
calcubted molecular weights is less than 3,500, fl,e mean value is calculated by rounding off flie 
value to fl,e nearest multiple of 1,000. If the difference between the two calculated molecular 
weights is 3,500 or more, clean ttie viscosimetas and measure a new ouUet time for 

hexametaphosphate sohition. 

lUe outlet time is measured by the conducting the foUowmg procedure: (1) rinse the 
v.scosimet„,wicewi&thesa,t,l«a)pou,5.00mlof1hes«npleintheviscosime.erandplace 
It m *e them«»,ated water bath at 25.0-C± OJ-C at least 15 mimrtes prior to measuring- ^nd 
P)measuretimeonthetw„outl«s. Ifftedi£fe,««=ebetwe«,fl« times is more than 0.2 se<^ 
on measuring hexametqd^sphate sotation or 0.4 seconds on measuring samples, the measuring 

ts r,«ated until there are ftree outlet times which diffir no mo» than 0.2 seconds on measurtag 
hexametaphosphate solmion or 0.4 seconds on meas«ing sarnies. He ««let time wUch is 
needed for ferther calculations is the mean vatae of fte above mentioned two or te, identical 
or ahnost identical measuring results. 

The relative viscosity is calculated as follows: 

n.=(VKAJ/(VK/y 
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wherein and ti,are the outlet times for pectin solution and hexametaphosphate solution, 
respectively, wherein K = (Q x t\) / (Q + (0226 • L • t^), and wherein Q = volume of viscosdmeter 
bulb in cm^, L = length of capillary tube in cm and t^ = outlet time for water in seconds. 
Hie molecular weight of pectin is then calculated as follows: 
5 M = 1277 ^ 10^ (n, ^^-1) g/mol 

Furthemioie, not wishing to be bound by theory, the LMC pectins of the pr^nt invention 
have a degree of esterification (DE) from about 20 to 55%, preferably from about 22 to 50%, more 
preferably from about 25 to 35%, and most preferably from about 24 to 40%. 

As discussed above, the term "degree of esterification" is intended to mean the extent to 
10 vMch free catfooxylic acid groups contained in the polygalactuconic acid chain of the pectin have 
been estenfied (e.g., by methylation) or in other ways rendered non-acidic (e.g., by amidation). 

In one preferred embodiment of the present invention, the NCSP is deesterified and 
amidated with a base in a random fashion to produce low mefrioxyl amidated pectins (LMA 
pectins). Not wishing to be bound by theory^ the LMA pectins of the present invention have a 
15 molecular weight from about 60 to 150 kDalton, preferably from about 70 to 120 kDalton, and 
most preferably from about 80 to 120 kDalton. 

hi addition, not wishing to be bound by theory, the LMA pectins of the present invention 
have a degree of esterification preferably from about 30 to 55% and most jsreferably fixim about 
40 to 52%, and a degree of amidation (DA) preferably from about 1 to 30%, and most preferably 
20 from about 4 to 21%. ^ 

The preferred LMA i)ectiDs of the present invention have a DE from al^ 
a DA from about 1 to 50%, preferably 2 to 40%, more preferably fix)m about 4 to 25%, and most 
preferably from about 6 to 20%. 

As discussed above, the present invention is directed to a process for preparing a low 
25 methoxyl pectin displaying pseudoplasticity and substantially no phase separation in an aqueous 
solution comprising at least one polyvalent cation which comprises treating a pectin starting 
material having a degree of esterification of greats than about 60% to obtain at least a nonr 
caldum sensitive pectin fraction. 

The process of tiie present invention is prepared by (a) treating a pectin starting material 
30 having a degree of esterification of greater than about 60% with a cation-containing prq>aration 
to obtain at least a non-calcium sensitive pectin fi-action and a calciimi sensitive pectin fraction; 
(b) separating the non-calcium sensitive pectin fraction from the calcium sensitive pectin fi:action 
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as disclosed in U.S. Serial Nos. 08/161,635 and 08/890,983 to Glahn, the disclosmes of wWch 
are incoip orated herein by reference; and (c) deesterifying or deesterifying and amidating the non- 
calcium sensitive pectin fraction to obtain the low methoxyl pectin. 

Alternatively, the non^cium sensitive pectin is prepared by (a) treating a pectin starting 
material having a d^ree of esterification of greater than about 60% with an enayme to obtain the 
non^dum saisttive pectin fiaction; or (b) reesterifying the calcmm sensitive pectin fraction to 
obtain the nonrcalcinm sensitive pectm fraction. 

"Pectin starting material" is intended to mean a pectin product obtained by separation of 
pectinfromaplantmaterial. The pectm startmg material can preferably be obtemed from citrus 
peels, ^ple juices, ^le ciders, ^le pomace, sugar beets, sunflower heads, vegetables or waste 
productsfirom plants such as apples, sugar beet, sunflower and citrus fruits, more preferably 
^les and citrus plants, and most preferably citrus plants such as lines, lemons, gr^fruits. and 
oranges. 

The pectm starting material can, for example, be the acid pectin extract after purification 
or it could be wet pectin cake obtained after treating the add extracted pectin solution with 
alcohol. Further, tiie pectin starting material can, for example, be the dried or partly dried pectin 
in the pectin cake from predpitation, or it could be tiie dried, milled pectin powdw as noimaUy 
produced by pectin manufecturars. 

Thepectinstartmgmaterialcanbetieatedwitiiacation-containingpreparation. Asused 
herein, "cation-contammg preparation" is intended to mean any source of free cations. Examples 
of the cation include, but are not limited to, metal ions derived from salts selected from at least 
one of alkaline earth metal salts. alkaH mefal salts, transition metal salts or mixtures thereof.' 

Examples of the metal ion include, but are not limited to, one or more of the followmg: 
caldum, iron, magnesium, zinc, potassium, sodium, aluminum, manganese, and mixtures thereof. 
Preferably, the metal ion is selected from one or more of the followmg: caldum, iron, zmc, and 
magnesium. More preferably, the metal cation is caldum. l^xtui^oftwo or more metal cations 
can be employed. However, if a monovalent metal cation is employed, a di- or trivalent metal 
cationispreferablypresatf. Whmsudi mixtures are used, the preferred metal cation is caldum. 

The metal ions can be derived from one or more of the foUowmg: alkaline earth metal 
salts. alkaK metal salts, transition metal salts, and mixtures thereof, provided that such salts are 
reasonably soluble m the solvent. e.g.. water or water/alcohol mixtures. 
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Examples of metal salts that can be used in the practice of the present mvention, provided 
they are soluble in the solvent, include, but are not limited to, calcium nitrate, calcium acetate, 
calcium acid phosphate, calciimi carbonate, calcium chloride, calcium citrate, calcium dihydrogen 
phosphate, calcium formate, calcium gluconate, calcium glutamate, calcium glycerate, calcium 
glycerc^hosphate, calcium glydnate, calcium hydrogen phosphate, calcium hydroxide, calcium 
iodide, caldum lactate, calcium lactophosphate, caldum magnesium carbonate, calcium 
magnesium inositol hexaphosphate, calcium phosphate tribasic, calcium-o-phosphate, calcium 
propionate, calcimn pyrophosphate, calcium succinate, calcium sucrate, calciimi sulfite, calcium 
tetraphosphate, iron (EL) acetate, iron (III) acetate, iron (III) ammonium chloride, iron (TIT) 
ammonium citrate, iron (II) ammonium sulfate, iron (IT) acetate hydroxide, iron (m) carbonate, 
iron (n) chloride, iron (HI) chloride, iron choline citrate, iron (IT) dtrate, iron dextran, iron (IT) 
formate, iron (YST) formate, iron (m) hypophosphite, iron (U) lactate, iron (H) acetate, iron (II) 
phosphate, iron (ED) potassium oxalate, iron (01) pyrophosphate, iron (m) sodium citrate, iron 
(£□) sodium pyrophosphate, iron (TT) sulfate, iron (HI) sulfate, magnesium ammonium phosphate, 
magnesium ammonium sulfate, magnesium carbonate, magnesium chloride, magnesimn citrate, 
magnesium dihydrogen phosphate, magnesiimfi formate, magnesium hydrogen phosphate, 
magnesium hydrogen-o-phosphate, magnesium hydroxide, magnesium hydroxide carbonate, 
ms^esium lactate, magnesium nitrate, magnesium oxalate, me^esium oxide, magnesium 
phosphate, magnesium propionate, magnesium pyrophosphate, magnesium suL&te, zinc acetate, 
^c anmdonium sulfate, zinc carbonate, zinc chloride, zinc citrate, 2iQc formate, ^c hydrogen 
phosphate, zinc hydroxide, zinc lactate, zinc nitrate, zinc oxide, zinc phosphate, zinc phosphate 
monobasic, zinc phosphate tribasic, zinc-o-phosphate, zinc propionate, zinc pyrophosphate, zinc 
sulfate, zinc tartrate; valerate, and zinc-iso-valerate. 

The preferred salts are calcium salts such as calcium nitrate, calciimi chloride, calcium 
hydroxide, calcium acetate, calcium propionate, calciimi oxide, calcium gluconate, calcium 
lactate, and calciimi carbonate. The most prefrared calcium salt is calcium nitrate. 

The cation-containing preparation preferably contains a di- or trivalent cation, and 
optionally at least one water miscible solvent The water miscible solvent is selected from one 
or more of the following: methyl alcohol, etibyl alcohol, jHopyl alcohol, isojsropyl alcohol, 
acetone, and ethyl acetate. Under mixing or extrusion conditions, &e polyvalent cation forms an 
insoluble cation pectinate salt or gel -when contacted with the pectin solution. A portion of tiie 
pectin does not form such an insoluble salt or gel with the polyvalent cations, but difiuses out of 
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the gel into the salt solution fonning a separate pectin phase in said solution. The pectin can, 
accordingly, be separated mto two or more ftactions. The first fiaction contains pectin that has 
reacted with the cation forming a gel matrix insoluble in the solvent The first fraction is caldum 
sensitive and is called the calcium sensitive pectm fiaction (CSP). The second fiaction does not 
form such a gel matrix and diffuses out of the gel and into the surrounding liquid. The second 
firaction is not calcium sensitive and is refenred to as the non-calchim sensitive pectin fi^on 
(NCSP). 

The preferred cation is calcium ions in aqueous solution, optionally mixed with a solvent 
such as methyl alcohol, ethyl alcohol, propyl alcohol, isopropyl alcohol, acetone, ethyl acetate, 
and any other organic solvent that is misdbie with water. The amount of cation in aqueous 
solution is preferably &om about 500 to 5,000 ppm. more preferably fiom about 1,000 to 4,000 
ppm, and most preferably firan about 2,500 to 3,500 ppm When mixed wilh alcohol, care diould 
be exercised to avoid alcohol levels tiiat win result in precipitation of an insoluble pectin 
compound. The preferred sohition is a mixture of alcohol and water, and the most preferred is a 
mixture of isopropyl alcohol and water. The ratio of alcohol and water is preferably from about 
1 :5 to 1 :20, more preferably firom about 1 :7 to 1 : 1 5, and most preferably fiom about 1 :8 to 1 : 12. 

The cation concentration ciin be varied over a wide rai^e, with the iqiper limit bemg 
determined only by economic and practical considaations. The iMcferred xtpper limit of the cation 
concentration is about 125 millimoles cation per liter of reaction medium (125 ml^. What is 

meant Iqr reaction medium is v«*at actuaUy results fiom reacting the pectin starting mates^ 
tiie cation-containing preparation. * 

A more preferred upper Innit of tiie cation concentration is about 85 mM, wherein molarity 
is by definition a per unit volume (liter) concentration. The lower limit of tiie cation concentration 
is determined by that amount of cation tiiat would provide the desired degree of Separation into 
tiie at least first and second fiactions. The preferred lower limit is about 5 mM cation. A more 
preferred lower limit is about 12.5 mM cation, wifli about 65 mM bang tiie most prefered lower 
Hmit 

The pH of the reaction medium influences the matrix-fomimg ability of tiie pectin starting 
material. If tiie pH is too low, no matiix is fiamed. The pH of tiie reaction medium is at least 
about2- The lower Ihnit is preferably at least about 3, wfth about 4 being tiie most preferred. The 
t5>per limit of flie pH is only detennined by tiie stabiHty of tiie pectin starting material under the 
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combination of pH, temperature, and time being used. The iqjper limit of the pH is about 8. The 
preferred upper limit is about 6, with about 5 being the most preferred upper limit 

As indicated above, the process in accordance with the present invention comprises 
treating pectin starting material having a DE of greater than about 60% to obtain at least a first 
5 firaction having a higher degree of calcium sensitivity than the pectin starting material and a 
second fi:action having a lower degree of calcium sensitivity than the pectin starting material. 
.Preferably, the DE of tihe pectin starting material is at least about 60% and more preferably at 
least aboxit 70%. 

The ratio of calciimi sensitive pectin (CSP) to the sum of CSP and non-calcium sensitive 

10 pectin (NCSP) is hereinafter referred to as Calcium Sensitive Pectin Ratio (CSPR). As indicated 
above, the pectins in accordance with the present invention have a CSPR greater flian about 0.60. 
The prefened pectins have a CSPR of at least about 0.65. Hie more preferred CSPR is about 0.75, 
and the most preferred CSPR is at least about 0.85. 

Caldumsensitivity can be calculated by any techiuque known in the art Preferably, the 

15 caldum sensitivity can be calculated by measuring calcium sensitivity (CS) of i)ectin in a solution 
with gum. Specifically, calcium salt and pectin are mixed at low pH \^^e^e there is no strong 
setting of calcium ions and pectin. Then the reaction between pectin and calciimi ions is started 
by addition of sodium acetate/acetic acid buffer. The apparatus used in this calculation are: (1) 
plate magnetic stirrer (KA MAG EOA 9); (2) magnetic stirrer (JK IKA-Combimag REO); (3) 50 

20 X 110 inm viscosity glass (Holm & Halby); (4) 25 ml dispenser; (5) 5 ml automatic pq>ette; (6) 
Brookfield viscosimeter LVT; (7) pH-mete^ (8) technical balance; (9) analytical balance; (10) 
42mm TRIKA magnets; and (1 1) cooling bath (thermostatically controlled at 25 ""C). V 

The reagents used in this calculation are (1) 1.000 M HCl; (2) 1 M acetate buffer at pH 
4.75 (68.04g/l of 500 mM CHaCOONa and SHjO^d 28.6 mM of 500 mM CH3COOH (100%)); 

25 and (3) 250 mM calcium chloride (36.7550g/l CaClj and 2H2O). Ion exchanged vrater with a 
conductivity below 1.0 uS/cm must be used in all solutions. Th&pectin solution contains 400 g 
I)ectin solution with 2.4 g pure gum (0.6% sol.)- If tiie testing sample is not 100% gum (pxB^ 
gumX correct the sample using the following formula (A = the gmn% of the sample): 
(0.6 X 400) / A = g sample with A% gum for 400 g solution 

30 The procedures for the calculating the calcram sensitivity are as follows: (1) weigh out the 

pectm with adjusted sugar percentage to 3 decimals; (2) disperse the pectin into 240 ml boiling 
ion-exchanged water in a high shear mbcer, (3) pour the solution into a tared beaker with magnet; 
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(4) pour additional 100 ml ion exchanged water into the mixer and add to the solution; (5) cool 
the pectin solution to about 25 °C; (6) adjust the pectin solution to a pH of 1 .5 with 1 M HCl- (7) 
vvei^ the solution to 400 g; (8) weigh out 145 g± 1 g pectin solution hx a viscosity glass; (9)put 
a TRIKA magnet in the glass; (1 0) add 5 ml 250 mM CaH- solution to the pectm solution vMie 
stirring with the plate magnetic stirrer at step (1). Stir for 2 min; (1 1) add 25 mil M acetate 
buffer withdispensertothe glass .^estiningwithamagneticstiirerCJKI^^ 
(the pH is about 4.2); (12) by means of the plate magnetic stin« at step (1), stir for additional 2 

niinutes;(13)ranove the magnet and let the solutionrest at 25°CuntiI next day; and (14) meas^ 
caldmn Kaisitivity as viscosity m cP with Brookfield L VT viscosimeter at 60 ipm. at 25 °C (use 
the thermostatically controlled water bath). 

In one preferred embodiment of the present mvention, the first fraction preferably has a 
degree of esterification of at least 1% lower than the degree of esterification of the starting 
material, more preferably at least 3% lower and most preferably at least 5% lower than the degree 
of esterification of the starting material. The second fraction preferably has a degree of 
est^cation of at least 1 o/o Hghar ftan the degree of esterification ofthe starting material, more 
preferably a degree of esterification of at least 30/0 higher, and most preferably at least 7% higher 
than the degree of esterification ofthe starting material. 

The sq^ration ofthe first and second fractions in accordance with the present invention 
is preferably performed as a separation into a gel phase and a Uquid phase, regjectivdy. Ihe gel 
phase ispredominantiy the reaction product ofthe cation in the cation-containing preparation and 
the calcium-sensitive fraction present in tiie pectin starting material. The Kquid phase is 
predominanfly thepectinfiactionin&estartingmaterial that does not foimagelwit^ 
containing preparation. Various techniques conventional in the art can be used to perform the 
separation step. Preferably, the sqmation is performed by physical separation(filtration)usu^^ 
awashingsohition,suchasamixtureofIPA.waterandcationtocompletethesepa^ Tte 
coinposition of &e preferred washing solution contains the same cation-containing preparation 
(including a solvent) used to treat the pectin starting material. 

After the washing steps, fte first fraction has a calcium sensitivity (CS) of at least aboirt 
10% higher ti^ the caldmn sensitivity ofthe starting matmal. The CS ofthe first fraction 

preferably is at least about 250/0 higher than^e starting material, more preferabfy 

500/0 high^ than the starting material, and mostpref«ably at least about 100% higher tiaan tiie 

starting material. 
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In a preferred embodiment of tbe present invention, the purified pectin starting material 
is reacted with a solution of a cation salt under moderate agitation conditions such as trtiying or 
wet spinning, forming large gel particles visible to the naked eye* The gel particles can then be 
separated in any appropriate way fix>m the liquid and resuspended in fiesh liquid or liquid 
5 containing a lower concentratioB of the NCSP. 

The two isolated firactions^ the CSP containing gel fraction and the NCSP containing 
solution fraction can fiirther be treated separately with additional solvent such as IPA to isolate 
the pectin from the wash liquid. This step can also be described as a dehydration step. 

The gel fractions containing the NCSP or the CSP can be treated separately and converted 
10 into the acid form or a salt of a monovalent metal or of ammonia by treating the alcohol 
precipitated fractions with an acid alcohol solution washing out the polyvalent metals. The 
fractions may ihen be partly or conipletely neutralized by washing with an alcohol solution of the 
desired salt 

Alternatively, the fractions may be acidified before the alcoholic precipitation and 
15 subsequently washed witii acid alcohol. Further, flie fractions may be treated with an ion 
exchange resin carrying the desired monovalent cation and subsequentiy precipitated with alcohol. 

Both fractions can be dehydrated, dried and milled. The dehydration as discussed above 
is performed to remove the bulk of the water before the drying step. While any known technique 
can be used for ddiydration, the fractions are preferably treated with alcohol. The watei/alcohol 
20 phase formed in the dehydration is substantially removed by decantation^ centrifuge or filtration 
using any known technique. Drying is accomplished by known techniques, e.g., atmospheric or 
reduced-pressure ovens, to a moisture content of less than about 50wt%, preferably less^ than 
about2Swt%. The drying temperature is maintained below the temperature at \^^cli the pectin 
starts to lose its properties, e.g., color, molecular weight, etc. Any known milling technique can 
25 be used to mill the pectin product to the desired particle size. It is most preferred that the final 
productbeindry,powderform, with a moisture content of about 12wt%orless. Dry powder 
form is intended to mean that the product be pourable without substantial caking. The preferred 
final product is in the. form of powder for ease of use. 

The NCSP of the present invention can preferably be prepared in a continuous process, 
30 but a single batoh is also possible. 

As discussed above, the low methoxyl pectins of the present invention can be prepared 
6om a fractionated NCSP as disclosed m U.S. Serial Nos. 08/161,635 and 08/890,983 to Glahn. 
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Alternatively, the low meflioxyl pectin of tbe present invention can be prepared from an NCSP 
obtained by mechanisms other than fractionation. 

The NCSP of the present invention is prepared by any known techniques in the art, such 
as reesterification of calcium sensitive pectins or mixtures of calcium and non-caldum sensitive 
pectins with methanol either by chemical or enzymatic methods. In addition, enzymes can also 
be used to remove or cut out caiboxyl regions or blocks of caiboxyl groups along the galactuionic 
acid backbone of the pectin starting matacial, and thus producing a non-calcium sensitive pectin. 
Exanqiles of such enzymes preferably include, but are not limited to, polygalacturonase and 
pectate lyase. 

Other mechanisms used to enhance the relative level of non-calcium sensitive pectin in 
plant tissue before it is extracted include transgenic or genetic modification techniques which can 
direct the specific production of non-caldum saisitive pectins in typical pectm raw materials such 
as dtnis plants or as the result of ejqaession in host plants such as sugar cane or com. Fnially, 
there are other extraction medianisms that can be used to selectively isolate non-caldum sensitive 
pectin from plant tissue. Manipulation of particular pH or cation or mixtures thereof m the 
extraction mixture, or selection for one specific fiaction of citrus peel over another, isolation 
separately of NCSP or CSP can also be achieved. 

As discussed, the NCSP can be deesterified to produce LMC pectins of the present 
invention. Preferably, the NCSP is prepared by the fractionation mechanism as disclosed by 
Glahn. The NCSP is preferably a dry powder or a solution, most preferably a sohition. The 
concentration of NCSP in tiie solution is fiom about 0.5 to 4 wt. %. preferably from about 1 to 3 
wt%, and most preferably from about 1 to 2 wt%. ' 

Preferably, the LMC pectins of the present inveiition can be prepared by charging an 
NCSP solution to a reactor vessel and the te^^)erature is adjusted to a range from about 20 to 
60°C, more preferably fiom about 30 to SSX; and most preferably from about 45 to 50°C. The pH 
of the sohifion is ai^usted to a iange fiom about 0.5 to 2.5, preferably fiom about 0.5 to 1.5, most 
preferably from about 0.7 to 1.1. The add used for pH adjustment can be a nitric, hydiodiloric 
or sulfuric add, preferably nitric or hydrochloric add, most preferably nitric add. The reaction 
is preferably allowed to progress for about 10 to 200 hours, more preferably for about 15 to 100 
hours, and most preferably for about 20 to 75. To isolate the low mefhoxyl pectins from solution 
and dehydrate, the addified or partiaUy neutralized extracts are added to 2 volumes of 60% EPA 
to predpitate the pectin. The predpitate is pressed on a band press to remove excess water and 
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IPA. Tlie pectin press cake is resuspended in an additioiml 2 volim To this 

mixture a solution of sodium carbonate (1 kg sodium carbonate to 4 liters of water) can be added 
in sufficient quantity to achieve a pH of 5.0 of the mixture or final pectin pH of 4.5 vAxen 
measured in a I % aqueous solution. The neutralized pectin is again belt pressed. The pressed 
5 pectin is dried and groimd to a powder. 

In addition, as discussed above, the NCSP can be deesterified and amidated to produce fee 
LMA pectin of the present invention. Preferably, the NCSP is prepared by the fractionation 
mechanism* of Glahn. The NCSP is preferably a dry power or a siispension in alcohol or an 
alcoholic press cake. Most preferably, the NCSP is provided as a suspension in alcohoL The 

10 concentration of pectin in the alcoholic suspension is preferably fix)m about 0.5 to 50%, more 
preferably from about 10 td 40%, and most preferably firom about 20 to 30%. The composition 
of the suspending alcoholic solution is preferably about 40/60 alcohol to water, more preferably 
about 60/40 alcohol to water, and most preferably about 70/30 alcohol to vmter. The alcoholused 
is preferably a methanol, ethanol or isopropyl alcohol, and most preferably an etiianol or isoprbpyl 

15 alcohoL The susp>ension is preferably cooled to a temperature from about 1 to 25 **C, more 
preferably from about 3 to 15 °C, and most preferably from about 3 to 10°C. NH4OH (28-29% 
ammonia water manu&ctured by Baker Chemical) is added to the mixture. Optionally, NH3 (gas) 
is added to the mixture. Sufficient ammonia (hydroxide or gas) is preferably added to increase 
the pH from about 8 to 13.5, more preferably from about 9 to 13, and most preferably from about 

20 10.5 to 12.5. The desired pH is maintained witibin +/- 0.2 pH units by addmg NH4OH or NH3. 
The reaction is i>referably allowed to continue for about 0.5 to 15 hours, more preferably for about 
I to 10 hours, and most preferably for about 1 to 6 hours over which time an additional NH4OH 
. or NH3 is consumed: The reaction mixture is terminated by removing excess reaction liquid and 
.adding acid to lower tiae pH. Acidified 60/40 IPA/HjO (pH adjusted to 1 .5 - 2.0 with HNO3) is 

25 added to the reactor and mixed. Additional HNO3 is added to adjust pH to 3,3-3.6. The nuxture 
is preferably aUowed to inix for about 0.5 to 5 hoiirs, more preferably for about 1 to4hours, and 
most preferably for about 2 to 3 hours. The excess acid wash Uquid is rraaoved from the inixture 
by vacuum or filtration. The isolated pectin is washed with 70/30 IPA/H2O. Washing and 
filtering the pectin is r^>eated at least two additional tones wit^ The 

30 isolated pectin is dried and ground to apowder. 

In accordance witii flie present invention, the low methoxyl conventional pectin and low 
methoxyl amidated pectin prepared from NCSP can be used in a process for stabilizing insoluble 
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components in aqueous systems. "Stabilizing insoluble components" can include, but is not 
limited to, suspending insoluble components. "Insoluble components" refer to any insoluble 
particulates such as pulps, essential oils, coloring agents such as natural or othowise, minerals, 
botanicals, and phannaceuticals that have the tendency to phase separate into one or more phases 
in a solution via sedimentation, creaming or otha such destabilization medbanisms. The test for 
phase se|>aration in &e context of tiie present mvenlion is described below in the example section 

labeled •TtetCTnination of Particle Sedim^rtation" v*ich is a t^ 
sedimentation. 

"Aqueous system" herein refers to food, cosmetic, and phammceutical products in aqueous 
form vAAch contain a suitable concentration of polyvalent cations or to v^rhich polyvalent cations 
canbeadded. Examples of Hquid food products indude, but arc not Ihnited to, drinks containing 
fiiuts, vegetables, or mixtures &ereotsotq>s. salad dressmgs, and sauces. The drinks can be stiU 
or carbonated, consumed as is or to be diluted, sweetened or unsweetened, sahed or unsahed, 
contain ornot contain alcohol, or combmations thereof. Examples of aqueous cosmetic 
products include, but are not limited to, perfumes, sun tan lotions, sun screen 
deodorants, and antiperspirants. Examples of aqueous pharmaceutical products mclude, but are 
not limited to liquids, extracts, syrups, suspensions, Uquors which contain active and/or inert 
ingredients either in solution or as a particle suspension or emulsion. 

The pH of the aqueous system in the process of tiie present invention is preferably fiom 
about 2.5 to 5, and more preferably from about 3 to 5. The aqueous system can preferably have 
a sohd content from about 0.1% to 50% by weight 

Jn one embodunent of the present mvention, tiie aqueous system is a bevaage drink iat 
canhave a solids contentfiom about 0.1% to about 50% by weight, an alcohol content of between 
firom about 0% to about 5% by volume, a salt (NaCl) content of about 0% to 3%, and a sugar 
content of from about 0.1% to about 15%. 

The total amount of pectin in tiie aqueous system can preferably be from about 0.01% to 
about 0.3% by dry weight, and more preferably fiom about 0.1% to 0.2% by dry weight 

In addition, tiie low meflioxyi pectin of tiie present mvaition can also be used in a 

con^sition. 'n»econq)ositioncoiitains tiie low mettrojQrl pectin oftiie present mvention 
aqueous solution. 
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Also in accordance with the present invention, the low methoxyl pectin cod be used in a 
stabilized aqueous ^stem containing particles. The stabilized aqueous system containing particles 
includes the low methoxyl pectin of the present invention and polyvalent cations. 

The low methoxyl pectin of the present invention has low viscosity and shear thinning 
5 properties, and thus does not have an undesirable organoleptic perception (pituitous or slimy 
mouth-feel). The pectin of the present invention also does not undergo syneresis (phase 
separation) upon stor^e or form a separate gel phase in the presence of relatively high levels of 
polycations such as magnesium and calcium ions. 

When the low methoxyl pectin of the present invention is added to an aqueous system, it 
ID provides suspension of particles in the aqueous system. At the same time, it provides minimal 
changes in rheology during long term storage. Rheological evaluation of pectin solutions and 
beverages can be conducted using a Haake Rotovisco RV 20 and an RC 20 Rheocontroller 
computer inter&ce or similar devices in the art, such as Rotational (Steady Shear) Software* 

Sust>ension of particles in fhiid or aqueous systems is the result of viscous or yield stress 
15 behavior. Yield stress behavior can be used to define rheology of a flmd, e.g., suspension of 
particles in aqueous systems by means of a weak gel network. Stokes Law can be used to 
calculate the settiing rate of particles in viscous fluids. In the present invention, particle 
sedimentation is prevented by the formation of a weak gel network which keeps particles 
suspended. Factors which affect the rheology ofpectins in solution include pH, soluble solids, 
20 calcium concentration, pectin type, t^nperature^ fluid d^isity, particle density and particle 
geometry. At a given set of conditions, the liieological behavior associated with an aqueous 
system can be measured and calculated. 

Yield stress (t) repres^ting an elastic response can be defined with two equations: . 

X = r g (Py - Pl ) derived fix)m Stokes Law for particle settling, ^ere 
25 3 

r = radius of particle 

g gravitational constant (980 cm/sec^ 

Pp = density of particle 

Pl = density of liquid 

30 and the equation: 

T = G' • Yc C = elastic modulus, independent of strain 

Y(. = critical strain, Miiere the network begins to lose its stmcture 
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and C starts to decrease Qoss of viscoelastic properties) 

Therefore, when 



3 



the conditions are met for particles to stay suspended within the system. 

G' and Y, are measured using a controlled stress or controUed rate theomet^ and 
perfaanmgadynamicstrainsweep(foragivensetofconditions)ataconste^^ Pora 
system exhibiting yield stress behavior, G" (viscous modulus) is smaUer than G' in the linear 
regron, independent of strain. Once the structure has been deformed at the critical strain, G" 
mcreases as the viscoelastic properties change and the system exhibits a trend toward viscous 
behavior (G" is larger than O). 

Figure 1 iUustrateslhatlheyieldpointcanbedetmninedWthel^^ 
asafi^etionofshearrateC^Ol^theBmghamextrapolationm^^ Hie yield point is the stress 
ofextr^lat^dtoashearraleofzero. T^s point repr^ts the behavior of an aqueous system 
atrest The slope of the linear stress - shear rate curve is the fluid viscosity (Pa • sec) 

For systems exhibiting viscous behavior. Stokes Law can be used to calculate the forces 
which act on a particle in a Kquid system, at a given set of e,q,erim«tfal conditions. 
Stokes Law definesafiiction coefficient for spheres as: 
F = 6TCrt)v r = radius of particle 

T) == viscosity^ of hquid 

V = velocity > 

aliquid™''''^*''^'^'^*''^"'^'^'""'^^ 

Ciravitational forces act on a particle to pull it downward through the hquid, x^eie: 
F-%7cr3(P,.pjg r =radhis of particle 

Pp - density of particle 
Pl = dajsity of liquid 
g °= gravitational constant 



When 4e pedaaoce i. equal to a« g^vMonal Ws. tbe parfd^ 

itveloaty. 

6urTiv = V3icr3(PF-P^)g 
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Solving for velocity, a settling rate can be calculated for a particle. 

This is influenced by particle radius and liquid viscosity. 

The viscosity needed for a particle to settle at a tolerable rate can be determined by the 
following formula: 

V 

Ideally, the rheological behavior most desired for stabilization of particles in solution is 
pseudoplasticity. In this case, the solution is characterized by extremely high viscosity "at rest" 
(undOT conditions of zero shear) and low viscosity when shear is applied. In otibier words, the 
solution is "shear thinning.*' In addition, it is important that such a solution is able to rebuild 
viscosity or recover very quickly when shear is removed. Such solutions are said to be non- 
Ihixotropic. This is illustrated in Figure 2. 

Wi&out further elaboration, it is believed that one skilled in the art can, using the 
preceding description, utilize the present invention to its fullest extent 

The following preferred specific embodim^ts are, therefore, to be constmed as merely 
illustrative, and not limitative of the remainder of the disclosure in any v^y whatsoever. 
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EXAMPLES 

Examples 1-39 provided below fflustrate the different physical properties and iheology of 
different suspending aids including the LMP of the present invention. The melhods for 
detennming the physical properties and Aeology of the suspendmg aids in the Examples 1-39 are 
shown below> 

Analvtic al Procedures 
Method for Determining CSPR (Ratio of CSP and NCSP in a Pectin Sample) 

A pectin sample of 0.2 g is weighed to the nearest mg (in a pretared 50 ml centrifuge tube 
weighed to the nearest mg) and is dissolved in 10 g demineralized water by heating to the tube to 
70°C. The solution is cooled to approximately 20°C. This is done in dupKcale. The pH of each 
solution is adjusted to 4.0. 

The total amount of pectin in Ae solution is detennined by adding 20 ml of 80% isoprppyl 
alcohol to one ofthe tubes to precipitate the pectin. The precipitate is collected by certrifugation 
at 30,000 G for 30 mmutes, washed twice with 60% isopropyl alcohol foUowmg up each wash 
with centrifugation, dried at 60°C over night under vacuum and weighed to the nearest mg. 
Calculate the amount of pectin precipitated and divide by the initial weight of pectin added to that 
particular tube. This ratio is designated the A value ofthe pectin. 

10 ml ofthe following solution (which contams 60 mM calaum and 16 percent IPA) is 
added to the remainmg 1 0 ml sample of pectin solution m a tared centrifuge tube: 

387 g demineralized water 

99 g 80% isopropyl alcohol (IPA) ' 
4.4geaCl2,2H20 



By mixing the two solutions, a Ca-content of 30 mM and 8% IPA is produced. The 
suspension of gel particles formed is left for 24 hours with occasional stirring. The gel particles 
are separated from the Uquid phase by centrifiigation at 30,000 G for 30 minutes. Gel particles 
are left in the tube after decant or siphon off the liquid phase. 

The gel particles are washed twice in equal amounts of a solution containing 30 mM Ca 
and 8% IPA by vortexmg and aUovwng the wash to equiUbrate. The equihTjration time is 24 hours 
for each washing. FoUowing each wash the gel particles are separated using centrifugation at 
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30,000 G for 30 minutes. The washing solution for this step can be prepared by dihiting an aliquot 
of the 16% IP A - 60 mM calcium solution with an equal volume of water. 

The total amount of washed gel phase is then weighed after decanting offtfae liquid phase. 
The amount of pectin in the gel phase is determined hy miving the gel phase^ weighed out to the 
5 second decimal, with twice its value of 80% IPA and then washed twice in 60% IPA. The 
precipitate is collected by contrifugation at 30,000 G for 30 minutes after each wash. Hie sample 
is then dried at 60^C over night under vacuum and weighed to the nearest mg. The normalized 
amount of CSP pectin is determined by dividing this amount of pectin by the original amoxmt of 
pectin weighed into the centrifuge tube. This is designated the B value. 
10 The ratio of CSP is calculated according to the formula: CSPR= B/A 

The ratio of NCSP is found by subtracting the CSPR value from 1. 
Determination of the Calcium Sensitivify of a Pectiii Sample 

Hie method below is used to detemiine the calcium sensitivity of a pectin sample. 
The reagents used in this calculation are (1) l.OOOMHCl; (2) 1 M acetate buffer at pH 
15 4.75 (68.04g/l of 500 mM CHsCOONa and 3H20,and 28.6 ml/I of 500 mM CH3COOH 

(100%)); and (3) 250 mM calcium chloride (36.7550g/l CaGlj and 2H2O). Ion exchanged 
water with a conductivity below LO uS/cm must be used in all solutions. The pectin 
solution contains 400 g pectin solution with 2.4 g pure gum (0.6% sol.). If the testing 
sample is not 100% gum (pure gum), correct the sample using the following formula (A 
20 = the gum% of the sample): 

(0.6 X 400) / A =g sample with A% gum for 400 g solution 
The procedures for the calculating flie calcium sensitivity are as follows: (1) weigh 
out the pectin with adjusted sugar percentage to 3 decimals; (2) disperse the pectin into 
240 ml boiling ion-exchanged water in a high shear mixer; (3) pour the solution into a 
25 tared beaker with magnet; (4) pour additional 100 ml ion exchanged watCT into the mixer 

and add to tiie solution; (5) cool the pectin solution to about 25 "^C; (6) adjust the pectin 
solution to apH of 1.5 with 1 M HCl; (7) weigh the solution to 400 g; (8) weigh oirt 145 
g ± 1 g peiirtin solution in a viscosity glass; (9) put a TRIKA magnet in tiie glass; (10) add 
5 ml 250 mM Caf + solution to the pectin solution while stirring witii the plate magnetic 
stiireratstep(l). Stir for 2 min; (1 1) add 25 nd 1 M acetate buffer wifli dispenser to fl^^ 
glass while stirring with a magnetic stirrer (JK IKA-Combimag REO) (the pH is about 
4.2); (12) by means of the plate magnetic stirrer at step (1), stir for additional 2 minutes; 
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(13) remove Ihe magnet and let the solution rest at 25°C until next day; and (14) measure 
calcium sensitivity as viscosity in cP with Brookfield LVT viscosimeter at 60 rpm. at 
25 "C (use the thermostatically controlled water bath). 

Detemiinatioii of degree of esterification and galacturonic acid in non-amide pectin 

The degree of esterification (DE) and galacturonic acid (GA) in non-amide pectin 
can be determined as presented below. This method is a modification of the Food 
Caiemicals Codex and Food and Agriculture Organization of the United NationsAVorld 
Health Organization method for determination of % DE and % GA in pectin which does 
not C(mtain amide and acetate ester. 

The apparahises need to conduct this method include: an analytical balance; a 
glass beaker (250 ml, 5 PCS); a measuring glass (100 ml); a vacmmi pump; a suction 
flask; a glass filta- crucible no. 1 (Bttehnerfimnd and filter paper); a stop watch; a test 
tube;adrying cabinet at 105°C; adesiccator; a magnetic stirrer and magnets; aburette(10 
ml. accuiacy±0.05 ml); pipettes (20 ml:2PCS, 10ml: 1 pc.); and apH-metei/aatoburette 
or phenolphtalem. 

The chemicals required in this method include: carbon dioxide-free water, 60% 
and 1 00% ist^panol (IPA); 0.5 N and fuming 37% hydrochloride (HCl); 0. 1 N and 0.5N 
sodium hydroxide (NaOH) (corrected to four decimals, e.g., 0.1 002); 0. 1 N silver nitrate 
9 (AgNOj); 3 N nitric acid (NHO3); and indicator, 0. 1 % phenolphtalein (indicator). 

The procedures for determining DE and GA are presented below. 2,000 g of 
pectin are weighed in a 250 ml glass beaker. lOOmlof add alcohol are added and stirred 
on a magnetic stirrer for 10 mmutes. The filtrate is throughly dried and the glass filter 
aiidble is weighed. The beaker is con^letelyrinsed with 6x15 ml acid alcohol. 60% 
IPAiswasheduntilthefiltrateisdiloride-fiee(approximately500ml). llie chloride test 
is conducted by transferring approximately 10 ml filtrate to a test tube, adding 

approximately 3 ml of3NHN03, and addmg a few drops of AgNO, The filtrate is 
chloride-ftee if the solution is clear, otherwise there is a precipitation of silver chloride. 
20 ml of 100% IPA is then washed. The sample is dried for 2 H hours at 105»C. The 
crucible is weighed after drying and cooling in a desiccator. 0.4000 g of the sample is 
accurately weighed in a 250 ml glass beaker. (Two samples are weighed for double 
determination.) The pectin is soaked with ^^ximately 2 ml of 100% IPA and 
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approximately 1 00 ml of carbon dioxide-free water are added while stirring on a n^iagnetic 
stirrer. 

The sample is then titrated, either by means of an indicator or by using a pH- 
meter/autoburette. If. an indicator is used, the method is continued to be carried out as 
follows: add 5 drops of phenolphtalein indicator and titrate with 0. 1 N NaOH until change 
of color (record it as V, titer); add 20.00 ml of 0.5 N NaOH vAnlc stirring; and allow the 
solution to stand for exactly 1 5 min. When standing, the sample must be covered with 
foil. 20.00 ml of 0.5 N HCl are then added and stirred on a magnetic stirrer untfl the color 
disappears. 3 drops of phenolphtalein are added and titrated with 0.1 N NaOH until 
change of color (record it as V2 titer). The blind test (double determination) is then carried 
out as follows: add 5 drops phenolphtalein to 100 ml carbon dioxide-free water and titrate 
in a 250 ml glass beaker with 0.1 N NaOH until change of color (1-2 drops); then add 
20.00 ml 0.5 N NaOH and let Ifae sample stand untouched for exactly 1 5 minutes. When 
statfding, the sample must be covered with foil. 20.00 ml of 0.5 N HCl and 3 drops 
phenolphtalein are then added and titrated until change of color with 0.1 N NaOH. Hie 
amount of 0.1 N NaOH used is recorded as B,. The maxiniinn amount allowed for 
titration is 1 ml of 0.1 NNaOH. If titrating with more than 1 ml, 0.5 N HCl must be 
diluted with a small amount of deionized water. If the sample shows a change of color 
with ihe addition of 0.5 N HCl, 0.5 N NaOH must be diluted with a small amoimt of 
deionized water. The maximum amount of water allowed to be used for is between 0.52 
and 0.48 N. 

If a pH-meter/autoburette is used, the method is continued to be carried dut as 
follows: titrate eadi sample with 0. 1 N NaOH to pH 8.5 (and Ifae result is recorded as V|, 
titra); then add 20.00 ml of 0.5 N NaOH and let tiie sample stand untouched for exactly 
15miimtes. When standing &e sample must be covered with foil. 20.00 ml of 0.5 N HCl 
are added and stirred on a magnetic stirrer until the pH is constant The sample is then 
titrated with 0.1 NNaOH to pH 8.5. (The result is recorded as titer). Theblmdtest 
(double determination) is carried out as follows: titrate 100 ml carbon dioxide-fiee water 
to pH 8.5 with 0.1 N NaOH (1-2 drops); add 20.00 ml of 0.5 N NaOH; and let the blind 
test sample stand mtouched for exacfly 1 5 minutes. When standing the sample must be 
covered with foil. 20.00 ml of 0.5 N HCl are added and stirred on a magnetic stirrer until 
pH is constant The sample is th«i titrated to pH 8.5 with 0.1 NNaOH. The amount of 
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0.1N NaOH used is recorded as B,. The maximum amomit aUo^ved for titration is 1 ml 
of 0.1 N NaOH. If titrating with more than 1 ml, 0.5 N HCI must be diluted with a small 
amount of deionized water. If pH does not faU to below 8.5 on addition of 0.5 N HCa, 0 5 
NNaOHmustbedilutedwithasmanamountofdeionzedwater. The maximmn amount 
of water allowed to be used in the dilution is between 0.52 and 0.48 N. 

The degree of esterification (DE), degree of fiee acid (DFA). and degree of 
galacturonic acid (GA) are calculated by the foUowing formulas: 

V, = V, + CV2-B,) 

%DE (Degree of esterification) = fy,_-B, >xlOO 

V, 

' %D.F.A. (Degree of firee acid) = 100 - % DE 

%GA* (Degree of galacturonic acid) = 194.1 vV, v>ry inn 

400 

The percentage of GA is determined on ash and moisture-fiee basis. Thevalue 
194.1 is ihe molecular weight for GA. "N" is the corrected normality for 0.1 NNaOH. 

usedfor titration (e.g., 0.1002 N). The value 400 refers to the weight inmgof washed and 

dried sample for titratioiL 

Determinatipn of Molecular Weight by Relative Viscosity 

The procedure for calculating the molecular weight ofdjepectm is as follows: (1) 
dean the viscosmreters; (2) measure the ouflet time on the viscosuneteis fiir each 
pr^ared hccamet^hosphate solution and for every new worldng day ^ere pectin 

sototions are being measured and immediately before measuring the necessary quantity 
of hexamet^hosphate solution is filtered through a glass filter No. 3; (3) determine die 
pectin sample system as foDows: (a) acid wash the pectin; (b) weigh ^ximately 90 
g hexamet^hosphate solution m a tared beaker with magnet; (c) graduaUy add 0. 1 g add 
washed pectin to the 90 g hexamet^hogAate solution m a tared beaker stirrii^. 
(d) heat the solution to 70»C^e stirring until the pectin is completely di^^ 
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cool the solution to 25 "^C; {f) q.s. (weigh up) to 100.0 g with hexametaphosphate solution; 
and (g) filter through a glass filta- No» 3; (4) measure the outlet time for every molecular 
weight determination on two diflFereot viscosimeters; and (5) calculate the molecular 
weight separately for each viscosimeter using the latest measured outlet time for 
hexametaphosphate solution on the viscosimeter in question. If the difference between 
two calculated molecular weights is less than 3,500, the mean value is calculated by 
rounding off the value to &e nearest multiple of 1,000. If the difference between the two 
calculated molecular weights is 3,500 or more, clean tiie viscosimeters and measure a new 
outlet time for hexametaphosphate solution. 

The outlet time is measured by the conducting the following procedure: (1) rinse 
the viscosimeter twice with the sample; (2) pour 5.00 ml of the sample in the viscosimeter 
and place it in the thennostated water bath at 25.0**C ± 0.3 **C at least 1 5 minutes prior to 
measuring; and (3) measure time on the two outlets. If the difference between the times 

r* 

is more than 0.2 seconds on measuring hexamet^qphosphate solution or 0.4 seconds on 
measuring samples, the measuring is repeated until there are three outiet times which 
differ no more tiian 0.2 seconds on measuring hexametaphosphate solution or 0.4 seconds 
on measuring samples. The outiet time which is needed for further calculations is the 
mean value of the above mentioned two or three identical or almost identical measuring 
results. 

The relative viscosity.is calculated as follows: 

n,-(VKAJ/(t,.K/tJ 
wherein t^ and t^ are tiie outiet times for pectin solution and hexametaphosphate solution, 
respectively, wherein K (Q x t?^) / (Q + (0226 • L • t^), and wherein Q = volume of 
viscosimeta bulb in cti?, L = lesigth of capillary tube in <an and t^ — outiet time for water 
in seconds. 

The molecular weight of pectin is then calculated as follows: 
M - 1.277 • 10^ (n, *^^-l) g/mol 
Determination of Particle Sedimentation 

Particle sedimentation is evaluated by placing samples of commercially available 
juice based beverages i^ch contain insoluble particles to which the test pectins are 
added, into IS cm screw cqsped tubes wMch have outside diameteis(OD) of 1 6rnm. 
Examples of such beverages include Fnztopia Strawberry Passion, Libby Juicy Juice, 
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Ocean Spray Orange Juice. Ocean Spr^ Ruby Red CSiapefruit Juice, Snapple Island 
Cocktail, and Tropicana Twister. 

Solutions of the test pectins (2% w/w) are prepared and added to the beverages to 
achieve a final concentration of 0.1 wt%. The tubes are aUowed to stand refrigerated at 
3»C for four weeks. At that point, the hdghtofthe clear liquid column above the particle 
susp«ision ismeasured. A percent sedimentation is calculated by dividing the height of 
the clear layer (He) by the total height (Hx) of the hquid in the tube (clear layer + pulp 
suspended) as shown below: 
(Hc/Ht) X 100 



Preparation of a Synthetic Beverage 

The following formula is used to prq)are samples for the theological and pulp 
suspension ejcperunents. The ingredients are listed in order of addition. 

TABLE A 



Ingr^ent 


Amotmt 


Deionized water 


166.97 g 


Test pectin or xanthan 


0.2 g 


Sucrose 


24 g 


CalcaumW 


8.33 ml 


Citric acid 


0.5 g 





In Table A, (1) refers to 6000 ppm stock sohition prepared with CaCl2*2H20 and, (2) 
refers to 50% citric acid stock solution. 

The procedure for preparing the synthetic beverage includes heating water to 90°C; 
adding pectin slowly to hot water wiule mixmg with Sflverson mixer, adding sugar to the 
mixture while mixing; and adding calcium solution to the mixture T^e mixing; adjusting 
the pH of the solution to 3.0 with additional dtric add as needed; pouring hot solution 
into suitable container, cooling the solution to room teiiq)etature; and refiigerating as 
needed. 

Determination of Viscosity and Yield Point (Rheologiea] Evaluation) 

A synthetic beverage sohrtion is used to determine the viscosity and yield point 
(iheological properties) of the pectm in solution. 
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Rheological evaluation of pectins in a syndetic beverage system are conducted 
using a Haake Rotovisco RV 20 and an RC 20 RheocontroUer computer interface. For 
these samples, the Rotational (Steady Shear) Software is used. 

Ilie program is a time-linear flow curve (tau/D)» wMch ramps the shear rate iQ> 
5 down, ovCT a defined time interval. The shear rate to be reached over a time interval and 

the number of data points to be collected are defined in this program. The slope of the 
curve corresponds to the shear rate difTerence divided by tiie ramp time. 
The flow curve program parameters are as follows: 



Semient Tvne 


Shear Rate Cl/sl 




Acmp \ v» i 




Start 


0.00 


30 


25 


dt 


Tau/D 


0.5 




2S 


< 


Tau/D 


1 0 




ZD 


3 


Tau/D 


5 0 






C 
J 


Tau/D 


10 0 






c 


Tau/D 


50.0 


30 


25 


5 


Tau/D 


100.0 


30 


25 


5 


Tau/D 


200.0 


30 


25 


5 


Tau/D 


300.0 


30 


25 


5 


Tau/t rtime^ . 


300.0 


30 


25 


0 


Tan/D 


200.0 


30 


25 


5 


Taum 


100.0 


30 


?5 


5 


Tau/D 


50.0 


30 


25 


5 




10.0 


30 


25 


5 


Tau/D 


5.0 


30 


25 




Tau/D 


1.0 


30 


25 


5 


Tau/D 


0.5 


30 


25 


5 


Tau/D 


0.0 


30 


25 


5 



The shear rate is ramped upward to 300 1/s over fixed time intervals. The sample 
is then sheared for 30 seconds at 300 1/s and ramped downward using the same intervals. 
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Plotting Stress VS. Strain rate linearly allows one to extrapolate to the y-intercept 
and obtain a yield point or yield stress value, vMch can then be used to satisfy the yield 
stress equation for particle suspension. Viscosity is calculated from the equation: 

A Bingham regression is a liniear regression with the equation: 

J = Jo + eta*T (y = mx + b) 

The Jo (yield point) and eta (slope) values are necessary for data interpretation. 

When stress (Pa) is ploted as a function of shear rate (1/sec), a plot like ftat shown 
in the Figure 1. From this data both yield point (stress extr^Iated to a zm> shear rate) 
and viscosity at any desired shear rate (the slope of the curve at the indicated shear rate, 
i.e.. Pa sec) can be detnmined. 



Example 1 
Control Example 

In this example, pectin is extracted from lemon peel and then fractionating the 
pectin to obtain NCSP piecusor. 

1 0 kg of dried lemon peel (ArBentma) is added to a 500 Hter stirred tank reactor. 

SOOlitersofddonizedwateristhenaddedto&epeelinthereactor. 0.8 liter of nitric akd 

(62 wt%HN03,OIinCoip., Chemicals Gn>i,p,NorwaIk,CT06856USA)is further 
tothereact(n:toreachapHof0.9to 1.2. 

Pectin is extracted from the mixture of lemon peel by heating the mixture with 
slightagitationto70'>Cfor3hours. The extraction mixture is then filtered using vacuum 
fihration followed by a vacuum polishing filtration using Cehte (Celite Coq)., o/o World 
Minerals Inc. Lompoc, CA 93438 USA). 

The filtrate is evi^rated using a wiped fihn evaporator to mcrease fbc pectin 
concentration in solution to approxhnately 1.6% wAv. Ihe pH of the clear filtrate is 
adjusted to 4.0 by &e addition of a sodhim carbonate sototion (Na,C03, CERAC, 
IncMilwaukee, WI 53201 1 178 USA). 
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lOOOKgofIhe 1.6% pectin tWckjmce is then mixed \^ ISOOKgof IPA/caldum 
solution to produce a mixture composition of 0.9% (w/w) pectin, 6.8% (w/w) IPA and 
2,000 ppm calcium at pH 4.0. This mixture is allowed to gel. The gel particles are 
separated form the liquid portion using screeus to hold the gel but allow the liquid to pass 
5 through. The gel phase contains tiieCSPfiBction. The liquid phase contains the desired 
NCSPfiaction. The gels are washed over a sariesof4 screens with IPA/Calcium mixture 
in a counter-current fashion. After washing is completed, the liquid phase is concentrated 
by evaporation, calcium is removed by ion exchange. Optionally, the dry NCSP precursor 
is isolated by precipitation witii 2 volumes of 60% IPA. In this case, the pectin is belt 
10 pressed. The pressed pectin is dried and ground. 

Molecular weight, degree of esterification, calcium sensitivity, ratio of calcium 
smsitivity, and carbojorl distribution of the initial pectin, CSP fraction, and NCSP fraction 
are calculated using known techniques in the art. The results of tiiis example are shown 
in Table 1 below. 
15 Table 1 





Initial Pectin 


CSP 


NCSP 


Molecular Wdght (1,000 Daltoxts) 


115-130 


125-140 


100-115 


Degree of Esterification (%) 


68-72 


65-68 


75-77 


Calcium Sensitivity (Q>s.) 


150-300 


600-1000 


<10 


Calcium Sensitive Pectin Ratio 


60 


95+ 


<5 


Carboxyl Distnbution 


Mixture 


Blocky 


Random 



Examples 2 to 19 provided below illustrate the different physical properties and 
rheology of different suspending aids and the LMP of the present invention. Specifically, 
Example 2 is directed to xantiian. Examples 3 and 4 are directed to control examples 
25 prepared by extracting pectin fiom lemon peel and then fiactionating the pectin to obtain 
NCSP precusor. Exanq)les 5 to 14 illustrate the preparation of the low metfaoxyl amidated 
pectin of the present invention by deesterification and amidation with ammonia. Exanq>Ies 
11 to 14 are directed to amidated pectins (prepared by deesterification and amidation) 
known in the art Exaizqiles 15 and 16 lUustrate the preparation of the low metfaoxyl 
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pectin of the present invention by deesteriiying NCSP with acid Examples 17 to 19 are 
directed to conventional pectins (prepared by deesterification) known in the art 

The degree of esterification, degree of amidation, molecular weight, phase 
separation, particle sedimentation, and viscosity at different levels of the resulting 
products of Examples 2 to 19, as well as Exanq>le I (Control Example) are determined 
using known techniques in tbe art. Tie Rheology evaluation of Examples 1 to 19 is 
conducted using a Haake Rotovisco RV 20 and an RC 20 Rheocontroller computer 
mterfece, i.e.. Rotational (Steady Shear) Software. The results of Examples 1 to 19 are 
shown in Table 2 below. 

Example ^ 
Xanfhan 
Comparative Exanq>le 
Keltrol® xanlhan.rnanufecturedbyNntraSweetCon5)any (500 W. 
3180; Chicago, IL 60661) was obtained and used in this example to evaluate the phase 
separation, particle sedimentation, and viscosity of xanthan. 

Example 
Control Bcample 

This example is prepared using the same procedures described in Example 1 to 
obtain NCSP precusor. Specifically, 10 kg of dried lemon peel (Argentina) is added to 
a 500 liter stirred tank reactor. 500 Hters of deionized water is then added to the peel in 
the reactor. 0.8 Hter of nitiic acid (62 wt% HNO„ Olin Coip., Chemicab C3ioiq>, 
Norwalk, CT 06856 USA) is fiirther added to tiie reactor to reach apH of 0.9 to 1.2.' 

Pectin is extracted fiom the mixture of lemon peel by heatmg the mixture with 

sUght agitation to 70«C for 3 hours. Hkj extraction mixture is then filtered using vacuum 

filtration foDowed by a vacuum polishing filtration using Celite (CeUte Corp., c/o World 
Minerals Inc. Lompoc, CA 93438 USA). 

The filtrate is evaporated using a wiped fihn ev^rator to increase the pectin 
concentration in solution to ^^proximately 1.6% w/w. The pH of the clear filtrate is 
adjusted to 4.0 by the addition of a sodhim carbonate sohition (NajCO,, CERAC, 
hicJidilwaukee, WI 53201 1178 USA). 

1000 Kg of the 1.6%pectinthidcjuiceis then mixed with 1500 Kg of IPA/calcram 
solution to produce a mixture con^sition of 0.9% (w/w) pectin, 6.8% (w/w) IPA and 
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2,000 ppm calcium at pH 4.0. This mixture is allowed to gel. The gel particles are 
separated form the liquid portion using screens to hold tibe gel but allow the liquid to pass 
through. The gel phase contains the CSP j&action. The liquid phase contains the desired 
NCSPfiraction. Hie gels ace washed over a s^esof4s(3peens with IPA/Caldum mixture 
in a countCT-cutrent &shion« After washing is completed, Hxe liquid phase is concentrated 
by evaporation, caldimi is removed by ion exchange. Optionally, the dry NCSP precursor 
is isolated by precipitation with 2 volumes of 60% IPA. In tiiis case, the pectin is belt 
pressed. The pressed pectin is dried and ground. 

Example 4 
Control Example 

This example is prepared using the same procedures described in Example 1 to 
obtain NCSP precusor. 

10 kg of dried lemon peel (Argentma) is added to a 500 liter stirred tank reactor. 
500 liters of deionized water is then added to the peel in the reactor. 0.8 liter of nitric acid 
(62 wt% HNO3, Olin Corp., Oiemicals Group, Norwalk, CT 06856 USA) is further added 
tothereactortoreachapHof 0.9 to 1.2. 

Pectin is extracted from the mixture of lemon peel by heating the mixture with 
slight agitation to 70°C for 3 hours. The extraction mixture is then filtered using vacuum 
fiUitration followed by a vacuum polishing filtration using Celite (Celite Corp., c/o World 
Minerals Lie. Lompoc, CA 93438 USA). 

The filtrate is evaporated using a wiped film ev^orator to increase the pectin 
concentration in solution to approximately 1.6% w/w. The pH of the clear filtrate is 
adjusted to 4.0 by tiie addition of a sodium carbonate solution (NajCOa, CERAC, 
IncNfilwaukee, WI 53201 1178 USA). 

1 000 Kg of the 1 .6% pectin thidc juice is then mixed with 1 500 Kg of BPA/calcium 
solution to produce a mixture composition of 0.9% (w/w) pectm, 6.8% (wAv) IPA and 
2,000 ppm calcium at pH 4.0. This mixture is allowed to gel. The gel particles are 
separated form the Uquid portion using sareeus to hold the gel but allow &e liquid to pass 
tfarougflL The gel phase contains file CSP fiacdon. The liquid phase contains the desired 
NCSPftaction. The gels are washed over a series of4saneen5 with IPA/Calcium mixture 
in a counters-current &^on. After washiiig is corc^leted, the Uquid phase is concentrated 
by evaporation, caldum is removed by ion exchange. Optionally, the dry NCSP i)recursor 
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is isolated by precipitation with 2 volumes of 60% IPA- In this case, the pectin is belt 
pressed. The pressed pectin is dried and ground. 

Example 5 

Low Methoxyl Amidated Pectin of the Present Livention 
Prepared hy DeesterbBcation and Amidation 
Suspend 200 g of dry NCSP precursor of Example 1 in I liter of 70^0 IPA/HjO 
wifli mixing. The nuxture is cooled to 5°C using a thermometer placed in the reaction 
mixture. Add 140 grams of NH4OH (ammonia water, strong. Baker Chemical, 28-29%) 
in one batch. Allow the pH to stabilize for 5 minutes. The pH is 12.1. Set the pH 
controller to hold the pH to within ± 0.2 pH units of this pH by controlled addition of 
NH4OH. The reaction is allowed to contmue for I hour over which time an additional 4.5 
grams of NH4OH is consumed. Ten minutes before the end of the reaction, the agitator 
is turned ofiFto allow flie pectin to settte. The supernatant layer is withdrawn wifli a 
vacuum. 

One Hter of acidified 60/40 LPA/HjCHpH of 60/40 IPA/H2O is adjusted to 1 .5 - 
2.0 wifli HNO3, Baker CSiemical, 69-70%) is added to Ae reactor and tike agitator is 
restarted. Add additional HNO3 to adjust pH to 3.3-3.6. Allow to mix for 1 hour. 
Remove the mixture with a vacuum. Filter tiie mixture on a course fiat fQter. Wash pectin 
on the filter with 300 - 500 mL 70/30 IPA/HjO for 15 minutes, stirring occaaonally (IPA, 
99%, HCl EastPalls Corporation). Filter on a course fiit filter. 

Rq)eat the steps of washmg and filtermg the pectin two additional times with fiesh 
70/30 IPA/H2O wash. Sth: each wash on the filter occasionally for 5 minutes. Remove 
pectin to glass ev^xirating dish (not aluminum pan). Dry the pectin overnight at 50^, 
or over weekend at room temperature in Ae hood followed by 50"C for 3 hrs. 

Example 6 

Low Melhoxyl Amidated Pectin of the Present Invention 
Prepared by Deestraification and Amidation 
Suspend 200 g of dry NCSP precursor of Example 1 in 1 litsar of 70/30 IPA/HjO 
with mixing. The nuxture is cooled to 5"C usmg a thennometer placed in the reaction 
mixture. Add 140 grams ofNH40H (ammonia water, strong, Bakca- Chemical, 28-29%) 
in one batch. Allow the pH to stabilize for 5 minutes. The pH is 12.1. Set the pH 
controUer to hold the pH to within ± 0.2 pH units of this pH by controUed addition of 
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NH4OH. The reaction is allowed to continue for 1 hour over which time an additional 
38.2 grams of NH4OH is consumed. Ten minutes before the end of the reaction, the 
agitator is turned off to allow the pectin to settle. The supernatant layer is withdrawn with 
a vacuum. 

One Uter of acidified 60/40 JPA/HaO (pH of 60/40 IPA/H2O is adjusted to 1.5 - 
2.0 with HNO3, Bsker Chemical, 69-70%) is added to the reactor and the agitator is 
restarted. Add additional HNO3 to adjust pH to 3.3-3.6. Allow to mix for 1 hour. 
Remove the mixture with a vacuum. Filter the mixture on a course frit filter. Washpectin 
on the filter with 300 - 500 ml. 70/30 IPA/H2O for 1 5 minutes, stirring occasionally (CPA, 
99%, HCl East Falls Corporation). Filter on a course fiit filter. 

Repeat the steps of washing and filteoing the pectin two additional times with firesh 
70/30 IPA/H2O wash. Stir each wash on the filter occasionally for 5 minutes. Remove 
pectin to glass ev^>orating dish (not aluminum pan). Dry the pectin overnight at 50^C, 
or oVct weekend at room temperature in &e hood followed hy SO^'C for 3 hrs. 



0196404A2 t > 



37 



wo 01/96404 PCT/USOl/18551 

Example 7 

Low Methoxyl Amidated Pectin of the Present Invention 
Prepared by Deesterification and Amidation 
Suspend 200 g of dry NCSP precursor of Example 1 in 1 liter of 70/30 IPA/HjO 
■wifli mixing. The mixture is cooled to S'C using a thermometer placed in the reaction 
mixture. Add 140 grams ofNHjOH (ammonia watrar, stronger. Baker Cheimcsl, 28-29%) 
in one batch. Allow the pH to stabilize fixr 5 mmutes. The pH is 12.1. Set the pH 
controUer to hold flie pH to within ± 0.2 pH units of this pH by controUed addition of 
NH4OH. The reaction is allowed to continue for 1 hour over vMch time an additional 3.0 
grams of NH4OH is consumed. Ten minutes before the end of the reaction, the agitator 
is turned off to allow the pectin to settle. The supernatant layer is wi&drawn wifli a 
vacuum. 

One Kter of acidified 60/40 IPA/HjO (pH of 60/40 IPA/H2O is adjusted to 1.5 - 
2.0 with HNO3, Baker Chemical, 69-70%) is added to the reactor and the agitator is 
restarted. Add additional HNO3 to adjust pH to 3.3-3.6. Allow to mix for 1 hour. 
Remove the mixture with a vacuum Filter the mixture on a course fiitfUter. Wash pectin 
on the filter with 300 - 500 ml. 70/30 IPA/H2O for 1 5 minutes, stirring occasionally (IPA, 
99%, HCl East Falls Corporation). Filter on a course fiit filter. 

Repeat the steps of washing and filtering Ae pectin two additional times with ftei^ 
70/30 IPA/H2O wash. Stir each wash on the filter occaaonally for 5 minutes. Remove 
pectin to glass evaporating dish (not aluminum pan). Dry the pectin ovemi^ at 50»C, 
or over week^d at room temperature m the hood followed 1^ 50"C for 3 hrs. ' 

Example R 

Low Meflioxyl Amidated Pectin of the Present Invention 
Prepared by Deesterification and Amidation 
Suspend 200 g of dry NCSP precursor of Example 1 in 1 liter of 70/30 IPA/H2O 
with mixing. The mixture is cooled to 5°C using a thermometer is placed in the reaction 
mixture. Add 1 80 grams of NH4OH (ammonia water, sttongea:. Baker Chemical, 28-29%) 
in one batch. AUow the pH to stalrilize for 5 minutes. The pH is 11.95. Set the pH 
controller to hold the pH to within ± 0.2 pH units by controlled addition of NH4OH. The 
reaction is allowed to continue for 3 hours over winch time an additional 54.7 grams of 
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NH4OH is consumed. Ten minutes before the end of the reaction, the agitator is turned 
off to allow tile pectin to settle^ The supernatant layer is withdrawn with a vacuum. 

One liter of acidified 60/40 IPA/H2O (pH of 60/40 IPA/H2O is adjusted to 1,5 - 
2.0 with HNO3, Bak^ Chemical^ 69-70%) is added to the reactor and the agitator is 
restarted. Add additional HNO3 to adjust pH to 3.3-3.6. Allow to nnx for 1 hour. 
Remove the mixture with a vacuum. Filter the mixture on a course fdt filter. Washpectiba 
on the filter with 300 - 500 ml. 70/30 IPA/HjO for 15 minutes, stirring occasionally (EPA, 
99%, HCl East Falls Corporation). Filter on a course fiit filter. 

Repeat fee steps of washing and filtering the pectin two additional times with fresh 
70/30 IPA/H2O wash. Stir each wash on the filter occasionally for 5 minutes. Remove 
pectin to glass ev^orating dish (not aluminum pan). Dry the pectin overnight at 50*^0, 
or over weekend at room tonperature in the hood followed by 50^C for 3 hrs. 

Example 9 

Low Methoxyl Amidated Pectin of the Present Invention 
Prepared by Deesterification and Amidation 

Suspend 200 g of dry NCSP precursor of Example 1 in 1 liter of 70/30 IPA/H2O 
with mixing. The mixture is cooled to 5^ usiug a thermometer placed in the reaction 
noixture. Add 160 grams of NEljOH (anamonia watCT, stronger. Baker Chemical, 28-29%) 
in one batch. Allow the pH to stabilize for 5 minutes to 1 1.45. Set the pH controller to 
hold the pH to within +/- 0.2 pH units by controlled addition of NH4OH. The reaction is 
allowed to continue for 4 hours over v^ch time an additional 1044 grams of NH4OH is 
consumed. Tm minutes before the end of die reactioii, the agitator is tumed off to allow 
the pectin to setde. Thesiq>ernatant layeris witiidrawnwithavaciium. 

One titer of acidified 60/40 IPA/H2O (pH of 60/40 IPA/H2O is adjusted to 1.5 - 
2.0 with HNO3, Baker Oiemical, 69-70%) is added to the reactor and the agitator is 
restarted. Add additional HNO3 to adjust pH to 3.3-3.6. Allow to mix for 1 hour. 
Remove the niixture with a vacuum. Filter the mixture on a course frit filter. Washpectin 
on die filter with 300 - 500 ml. 70/30 IPA/HjO for 1 5 minutes, stirring occasionally ^A, 
99%, HCl East Falls Corporation). Filter on a course frit filter. 

Repeat the steps of washing and filtering tiie pectin two additional times witii fresh 
70^0 IPA/HjO wash. Stir each wash on the filter occasionally fr)r 5 nunutes. Remove 
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pectin to glass evaporating dish (not aluminum pan). Dry the pectin overnight at 50«»C, 
or over weekend at room temperature in the hood foUowed by SCC for 3 hrs. 

Example 1ft 

Low Methoxyl Amidated Pectin of the Present Livention 
Prepared by Deesterification and Amidation 

Suspend 200 g of dry NCSP precursor of Example 1 m 1 liter of 70/30 WAm^O 
with mixing. The mixture is cooled to 5°C using a themiometer placed in the reaction 
mixture. Add 1 80 grams ofNH40H (ammonia water, stronger. Baker C3iemical, 28-29%) 
in one batch. Allow the pH to stabilize for 5 minutes. The pH is 11.45. Set the pH 
controller to hold the pH to within +/- 0.2 pH units by controlled addition of NH4OH. Ihe 
reaction is allowed to continue for 3 hours over which time an additional 36.4 grams of 
NH4OH is consumed. Ten minutes before the end of the reaction, the agitator is turned 
offtoallowthepectintosettte. The supernatant layer is withdrawn with a vacuum. 

Qneliterofacidified 60/40IPA/H^O(pHof60/40IPA/H2Oisadjustedto 1.5- 
2.0 with HNO3, Baker Chemical, 69-70%) is added to the reactor and the agitator is 
restarted. Add additional HNO3 to adjust pH to 3.3-3.6. Allow to mix for 1 hour. 
Remove the mixture with a vacuum. Filter the mixture on a course fiit filter. Washpectin 
on the filter with 300 - 500 ml. 70/30 IPA/H^O for 15 minutes, stirring occasionaUy (IPA. 
99%, HCl East Falls Corporation). Filter on a course fiit filter. 

Repeat &e steps of washing and fiheadngthepectin two addMonal times wi& 
70/30 IPA/H2O wash. Stir each wash on the filter occasionally for 5 minutes. Remove 
pectin to glass evaporating dish (not aluminum pan). Dry tihe pectin overnight at 5(k:, 
or over weekend at room temp«ature m the hood followed by 50°C for 3 hrs. 
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Example 11 

Low Methoxyl Amidated Pectin Known in the Art 
Prepared by Deesterification and Amidation 
LMA pectin. Genu pectin Type LM lOlAS n^ufactured by Hercules 
Incorporated (Wilmington, DE), is used in this example to evaluate the degree of 
esterification, degree of amidation, molecular weight, phase separation, particle 
sedimCTlation, and viscosity of the LMA pectin. 

Example 12 i 
Low Methoxyl Amidated Pectin Known in the Art 
Prepared by Deesterification and Amidation 
LMA pectin. Genu pectin Type LM 102AS manufactured by Hercules 
Incorporated (Wilmington, DE), is used in this example to evaluate the degree of 
esterification, degree of amidation, molecular weight, phase separation, particle 
sedimentation, and viscosity of the LMA pectin. 

Example 13 

Low Methoxyl Amidated Pectin Known in the Art 
Prepared by Deesterification and Amidation 
LMA pectin. Genu pectin Type LM 103 AS manufactured by Hercules 
Incorporated (Wilmington, DE), is used in this example to evaluate the degree of 
esterification, .degree of amidation, molecular weight, phase separation, particle 
sedimentation, and viscosity of the LMA pectin. 

Example 14 

Low Methoxyl Amidated Pectin Known in the Art 
Prepared by Deesterification and Amidation 
LMA pectin. Genu pectin Type LM 104 AS manufactured by Hercules 
Incorporated (Wilmington, DE), is used in this example to evaluate the degree of 
esterification, degree of amidation, molecular weight, phase separationi, particle 
sedimCTtation, and viscosity of the LMA pectin. 

Low Methoxyl Conventional (LMQ Pectin of the Present Inv^tion 
Prepared by Deesterification 
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200 grams of dried NCSP precursor of Example 1 is dissolved in 1 0 liters of water. 
The temperature of the pectin solution is adjusted to 50">C. This temperature is 
maintained for the duration of the reaction. Tho pH of the pectin solution is adjusted to 
1 .0 by the additi(m of nitric add (62 wL% HNO3 mamifectured by Olin Coip, CSiemicals 
Group, NorwaBc CT). This solution is maintained at SO^C for 10 hours. No additional 
add is added during the course of the reaction. 

The low methoxy pectin is th«i isolated fix>m the solution by adding the pectin 
solution to 20 lit^s of 60% isopropyl alcohol (SPA), The pectin precipitate is pressed on 
a band press to remove excess water and n>A. The pectin press cake is resuspended in an 
additional 20 fiters of IPA and mixed. To this mbcture, a solmion of 1 kg of sodium 
carbonate (Na,CO, manufectured by Cerac Inc., MUwaukee, WI) to 4 parts water is added 

in suffident quantity to achieveapHofthe mixture of5.0orafinalpectmpHof3.5 when 
measured in a 1% aqueous solution. Tlie neutralized pectin is then belt pressed. The 
pressed pectin is dried and ground to powder. 

Examplft m 

Low Methoxyl Conventional (LMC) Pectin of the Present Invention 
Prepared by Deesterification 
This example is prepared using the same procedure as described in Example 15 
with tiie exception that the solution is mainted at SO^C for 15 hours instead of 10 houre: 

Example 17 

Low Methoxyl Conventional (LMC) Pectin Known in the Art 

Prepared by Deesterification i 
LMCpectin, Gemipectin Type LM 12 CGmanufectured by Hercules Incorporated 
(Wilmington, DE), is used in this example to evaluate the degree of esterification. degree 
of amidation, molecular wdght, phase sq«a^on, particle sedimentation, and viscosity 
of fhe LMA pectin. 

Example 15t 

Low Methoxyl Conventional (LMC) Pectm Known in the Art 
Prepared by Deesterification 
LMCpectin, Genu pectin Type LM 18 CO mamifectured by Hercules Incorporated 
(Wihnington, DEX is used in this exan^fe to evaluate the degree of esterification, degree 
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of amidation, molecular weight, phase separation^ particle sedimentatioii, and viscosity 
of the LMA pectin. 

Example 19 

Low Methoxyl Conventional (LMC) Pectin Known in the Art 
5 Prepared by Deesterificatibn 

LMC pectin. Genu pexsim Type LM 22 CG manu&ctured by Hercules Incorporated 
(Wilmington, DE), is used in this example to evaluate the degree of esterification, degree 
of amidation, molecular weight, phase sepaiation, particle sedimentation, and viscosity 
of the LMA pectin. 
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Table 2 




As sho^ in Table 2, the low methoxyl amidated pectins and the low methoxyl 
conventional (LMC) pectins of the present invention have properties and rheology similar 
toxanthan. Several of the commerciaUy available LMA and LMC types show 
Theological behavior consistent with the idealized target and xanthan, but result in phase 
separation, gel contraction or form a weak gel mass. 

In addition,Figures3 and4ilhistratBtheri^logicaI behavior observed f« 
methoxylpectu^ofthepresentinventionCExanjpleslSandie^^ As shown. Figures 3 and 
4 display classic pseudoplastic behavior snnilar to the idealized behavior described in 
Figure 2. The test pectin shown in Figure 4, however, shows some thixotropy, or time 

d^entstructuieiecovery. For comparison, the rheological profile ofxanthan is shown 
in Figure 5. 

Phase separation intest beverage systems increases as the degree of esterification 
ofthe amidated types increases. However, as shown in Table 2, an ester content of about 
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40% is required before the pectins began to stabilize fee particles in the test beverage 
systems (target rheology with little or no osbservable gel contraction). The target 
rheology is evaluated fiom rheological evaluations of the pectins in a synthetic beverage 
systeaa with two levels of calcium added (150 and 300 ppm). A strong correlation to tibe 
idealized rheology seen in Figure 2 is ranked with vAUe samples which display 
rheological behavior far fix>m the idealized dieology are ranked with - or This 
evaluation is done to mpidly screen numerous test pectin samples before more rigorous 
evaluations are conducted. 



10 Examples 20 to 24 provided below illustrate the different yield point and low shear 

viscosity of the LMP of the presCTt invention and xanfhan. The yield point and low shear 
viscosity is measured iising any knovm technique in die art The results of Examples 20 
to 24 are shown in Table 3 below. 

Example 20 

15 Low Methoxyl Pectin ofthe Present Invention 

Prepared by Deesterification 
The low methoxyl pectin of diis example is the prepared using in the same 
procedures described in Example 15 above. 

This low methoxyl pectin is used to evaluate the yield point and low shear 
20 viscosity of the pectin. 
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Example 21 
Low Methoxyl Pectin of the Present Invention 
Prepared by Deesterification 
The low methoxyl pectin of this example is the prepared using in tbe same 
procedures described in Example 16 above. 

This low methoxyl pectin is used to evaluate the yield point and low shear 
viscosity of the pectin. 

Example T>. 

Low Methoxyl Amidated Pectin of tiie Present Invention 
Prepared by Deesterification and Amidation 
The low methoxyl amidated pectin of this example is the prepared usmg in the 
same procedures described in Example 7 above. 

low ^etiioxyl amidated pectin is used to evaluate tiie yield point and low 
shear viscosity of tiie pectin. 

Examp le r\ 

Low Meflioxyl Amidated Pectin of the Present Invention 
Prepared by Deesterification and Amidation 
The low metiioxyl amidated pectin of tins example is Ihe prepared using in tiie 
same procedures described in Example 6 above. 

This low metiioxyl amidated pectin is used to evaluate tiie yield point and low 
shear viscosity of the pectin. 

EMmple Id \ 
3Qnithan 

The xanflian used in this example is tiie same xantiian used in Example 2 above, 
Keltrol manufactured by NutraSweet Company (Chicago, IL). 

This xantiian is used to evaluate tiie yield pomt and low shear viscosity of tiie 
xanthan. 



Tables 
Yidd Point Data 
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Example No. 


Yield Point 


Low Shear Viscos^ * 




(Pa) 


(cPs.) 


20 


038 


1200 


21 


0^1 


1800 


22 


0.03 


400 


23 


0.03 


400 


24 


0.65 


800 


^measured at 0.04 sr' 



Table 3 above illustrates the yield point data determined by the Bingham 
extrapolation method. As can be seen, the two conventional pectin types have both higher 

10 yield points and highCT low shear viscosity than the amidated types prepared. 

Interestingly, all of the pectin samples have yield points less than the xanthan control 
samples tested, -wbSlt xanthan has a low shear viscosity &lling between the conventiorial 
and the amidated pectins. This may partly explaiii the improved organoleptic perception 
the pectin samples have in beverage applications when compared to xanthan. 

15 

Examples 25 to 34 provided below illustrate the diffCTent degree of esterification, 
degree of amidation, and particle sedimentation of beverages containing suspension aids 
known in the att and LMP of the present invention. The degree of esterification, degree 
of amidation, and particle sedimmtation are measured by any known technique in the art. 
20 The results of Examples 25 to 34 are shown in Table 5 below. 

In Examples 25 to 34, particle sedimentation is evaluated by placing samples of 
beverages, to \^*ich the test pectins are added, into 15 cm screw c^>pedtu^^ The tubes 
are allowed to stand refrigerated for four weeks. At that point, the height of flie clear 
liquid column above the particle suspension layer is measured. A percent particle 
25 sedimentation is calculated by dividing the hdght of the clear layer by the total height of 

the liquid in the tube (clear + pu^ suspended). 

The ingredients used to prepare the beverages are shown in Table 4 below. 

Table 4 
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Ingredient 


Amount 
(gorml) 


Deionized water 


166.97 g 


Test pectin or xanthan 


0.2 g 


Sucarose 


24 g 


Calcium <'> 


8J3ml 


Citric acid 


0.5 g 


1 . 6000 ppm stock solution prepared wWi CaC^ *2H20 

2. 50% citric acid stock solution 
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The procedure for preparing the synthetic beverage is described below. 

Heat water to 90°C. Add pectin slowly to hot water .^e mixing with Silverson 
mixer. Add sugar to the mixture while mixing. Add calcium solution to the mixture 
while^mixiug. A^ustthepHofthe solution to S.Owith additional dtricadd as needed. 
Pour hot sohition into a suitable container. Coo! to room temperature. Reftigemte as 
needed. 

Particle sedimentation is evaluated by placing samples of commercially available 
juice based beverages, to which the test pectins are added, into 1 5 cm sciew capped tubes. 

Examples of such beverages which contain insoluble particles include Frutopia Strawbei^ 
Passion, Libby Juicy Juice, Ocean Spmy Orange Juice, Ocean Spray Ruby Red Grapefruit 
Juice, Snapple Island Cocktail, and Tropicana Twister. 

Solutions of the test pectins are prepared and added to the beverages to achieve a 
final concentration of 0.1 wt%. The tubes are allowed to stand lefiigerated for four 
weeks. At that point, the height of &e clear Hquid cohmm above the particle 
suqjension^hase separation laya- is measmed. A percent contraction is calculated by 
dividing the height of the clear layer by the total height of Ihe liquid in the tube (clear + 
pulp suspended). 

Control Example 

The NCSP used in this example is prepared using the procedures of Example 1 

above. 
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NCSP is used to evaluate degree of esterificadon, degree of amidadon, and particle 
sedimentation prevention effect of the NCSP. 

Example 26 
Xantfaan 

The xanthan used in this exampl e is the same xanthan used in Example 2 above, 
Keltrol manu&ctured by NutraS weet Company (Chicago, BL). 

Xanthan is used to evaluate degree of esterification, degree of amidation, and 
particle sedimentation of tiie xanthan. 

Example 27 

Low Methoxyl Amidated Pectin of tiie Present Invention 
Prepared by Deesterification and Amidation 
The low methoxyl amidated pectin of this example is the prepared using in tiie 
same procedures described in Example 6 above. 

This low methoxyl amidated pectin is used to evaluate degree of estedfication, 
degree of amidation, and particle sedimentation of tiie pectin. 

Example 28 

Low Metiioxyl Amidated Pectin of the Present Invention 
Prepared by Deesterification and Amidation 
The low metiioxyl amidated pectin of this example is the prepared using in the 
same procedures desoibed in ^cample 7 above. 

This low metiioxyl amidated pectin is used to evaluate degree of esterification, 
degree of amidation, and particle sedimentation of tiie pectin. 
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Example 29 

Low Methoxyl Amidated Pectin Known in the Art 
Prepared by Deestenfication and Amidation 
The low methoxyl amidated pectin of this example is the same as the pectin 
described in Example 14 above. 

This lowmdhoxyl amidated pectin. Genu pectin Type LM 104AS mamifectured 
by Hercules Incorporated (WiUnington, DE). is used to evaluate degree of esterification, 
degree of amidation, and particle sedimentation of the pectin. 

Example .^0 
Low Methoxyl Amidated Pectin Known in the Art 
Prepared by Deesterification and Amidation 
The low metiioxyl amidated pectin of this example is the same as the pectin 
described in Example 1 1 above. 

This low methoxyl amidated pectin. Gam pectin Type LM lOlAS manufectured 
by Hercules hicoiporated (Wihnington, DE), is used to evaluate degree of esterification, 
degree of amidation, and particle sedimentation of the pectin. 

Example 31 , 
Low Methoxyl Conventional (LMC) Pectin 
of the Present Invention Prepared by Deesterification 
The low methoxyl pectin of this example is flie prepared using m tb& same 
procedures described m Example 15 above. 

This low methoxyl conventional pectin is used to evaluate degree of esterificafi^ 
degree of amidation, and particle sedimoitation of tiie pectin. 
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Example 32 

I^w Methoxyl Conventional (LMC) Pectin 
of the Present Invention Prepared by Deesterification 
The low methoxyl pectin of this exanocple is pr^aied using in the same procedures 
5 described in Example 1 6 above. 

The low methoxyl pectin is used to evaluate degree of esteriiScation, degree of 
amidation, and particle sedimentation of the pectin. 

Example 33 

Low Methoxyl Conventional (LMC) Pectin Known in the Art 
10 Prepared by Deesterification 

The low methoxyl pectin of this example is the same as the pectin described in 
Example 18 above. 

This low methoxyl pectin. Genu pectin Type LM 18 CG manufactured by 
Henndes Incorporated (Wilmington, DE), is used to evaluate degree of esterification, 
15 degree of amidation, and particle sedimentation of the pectin. 

Example 34 

Low Methoxyl Conventional (LMC) Known in the Art 
Prepared by Deesterification 
The low metho3Qrl pectin of this example is the same as the pectin described in 
20 Example 19 above. 

This low methoxyl pectin. Genu pectin Type IM 12 CG manufactured by 
Hercules Incorporated (Wilmington, DE), is used to evaluate degree of esterification, 
degree of amidation, and particle sedimmtation of the pectin* 
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Tables 



Example No. 


DE 


DA 


Particle sedimentation 




(%) 


(%) 


(%) 






n/a 


91.2 


26 


n/a 


n/a 


0 


27 


51.3 


20.8 


3.0 


28 


40.9 


4.7 


10.3 


29 


30.0 


20.0 


64.9 


30 


35.0 


25.Q 


45.8 


31 


40.2 


0.0 


7.0 


32 


23.5 


0.0 


17.5 


33 


40.0 


0.0 


70.2 


34 


30.0 


0.0 


40.4 





As shown seen in Table 5, the pectins of the present invention are far superior to 
standard commercial pectin types evaluated with simflar DE and DA values. In addition, 
the pectins of the present mvention ^proadi the value of xanthan, for which fliere is 
substantially no observable particle sedimentation. 



Exanq>les 35 to 39 provided bdow ilhisttate the different viscosity at various sliear 
rate of the IMP of the prescaat invention and xanlhan. The viscosity is measured as 
described above in the Example section. The results of Examples 35 to 39 are shown in 
Table 6 below. 
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Example 35 

Low Methoxyl Conventional (LMC) Pectin of the Present Invention 
Prepared by Deesterification 
The low methoxyl pectin of this example is the prepared using the same 
procedures described in Example IS above* 

This low methoxyl pectin is used to evaluate the visco^ty at various shear rate as 
shown in Table 6. 

Example 36 

Low Methoxyl Conventional (LMC) Pectin of the Present Invention 
Prepared by Deesterification 
The low methoxyl content pectin of this example is the prepared using the same 
procedures described in Example 16 above. 

The viscosity of the low methoxyl pectin is evaluated the at various shear rates as 
shown in Table 6. 

Example 37 

Low Methoxyl Amidated Pectin of the Present Invention 
Prepared by Deesterification and Amidation 
The low methoxyl amidated pectin of this example is the prepared using the same 
procedures described in Example 7 above. 

The low methoxyl amidated pectin is used to evaluate the viscosity at various 
shear rate as shown in Table 6. 

Example 38 

Low Methoxyl Amidated Pectin of the Present Invention 
Prepared by Deesterification and Amidation 
Ihe low methoxyl amidated pectin of this example is the prepared using the same 
procedures described in Exanq)le 6 above. 

This methoxyl amidated pectin is used to evaluate the viscosity at various shear 
rate as shown in Table 6. 

Xanthan 

The xanthan used in this example is the same xanthan used in Example 2 above, 
Keltrol manufactured by NutcaSweet Company (Chicago, IL). 
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This xantfaan is used to evaluate the viscosity at various shear rale as shown 



in 



Table 6. 



Table 6 



Sample 


Shear Rate = 50 sr» 


Shear Rate = 100 s ' 


Viscosity 
(CPs) 


% reduction 
compared to 
Xantfaan 


Viscosity 
(CPs) 


% reduction 
compared to 
Xantban 


35 aMC) 


10.0 


23.1 


7.0 


46.1 


36 (LMC) 


7.5 


42.3 


5.5 


57.7 


37(LMA) 


3.0 


76.9 


2.5 


80.8 


38(LMA) 


2.5 


80.8 


2.0 


84.5 


3 9 (Xantban) 


13.0 


n/a 


9.0 


n/a 



10 



15 



Also, as sbown in Table 6, the shear rates, at which Ibe pectins of tbe present 
invention cover tbe range of 50 to 100 s ', are typically associated witb the mechanical 
action of eating, chewing, drinking, and swallowing. 

A typical viscosity vs. shear rate plot is depicted m Figure 6 with 50 to 100 s"' 
indicated. 

The data in Table 6 below shows that Ibe pectins of Ibe present invention have 
viscosity 23.1% to 80.8% lower than xantban at 50 s ', and 46.1% to 84.5% lower than 
xantban at 100 s*'. 



a 



20 



The preceding examples can be repeated by substituting tbe genericaUy and 
spedficaUy described constituents and/or operating conditions of this invention for those 
used in tbe preceding examples. From the foregoing descriptions, one skilled in tbe art 
can easily ascertain tbe essential characteristics of this invention, and without departing 
from the spirit and scope thereoi^ can make various dianges and modifications of fte 
invention to ad^ to various usages and conditions. 
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What is claimed is! 

1. A low metiioxyl pectin displaying pseudoplasticity and substantially no 
phase separation in aqueous solution comprising at least one polyvalent cation* 

2. Hie lowmefhoxyl pectin of Claim 1, \^erein flie amount of polyvalent ion 
5 is from about 10 ppm to about 1,000 ppm, and herein the polyvalent is selected from one 

of aluminum ions, iron ions, manganese ions, calcium ions, and manganese ions. 

3. The low methoxyl pectin of Claim 2, wherein the poljrvalent is calcium 
ion, and wherein the amount of calcium ion is from about 50 ppm to about 500 ppm. 

4. Hie low methoxyl pectin of Claim 3, wherein the amount of calcium ion 
10 is from about 200 ppm to about 300 ppTDL 

5. The low methoxyl pectin of Claim 2, wherein the amount of phase 
separation in tiie aqueous solution is at most about 10%. 

6. The low methoxyl pectin of Claim 5, wherein the amoimt of phase 
separation in the aqueous solution is at most about 3%. 

15 7. A low methoxyl pectin displaying pseudoplasticity and substantially no 

particle sedimentation in aqueous solution comprising at least one pol3nralent catioi^ 

wherein the polyvalent is selected from one of aluminum ions, iron ions, 
manganese ions, calcium ions, and manganese ions, 

wherein the amount of polyvalrat ion is from about 10 ppm to about 1 ,000 ppm, 
20 and wherein the amount of particle sedimentation in the aqueous solution is at most 

about 10%. 

8. The low methoxyl pectin of Claim 7 wherein the polyvaloit is calcium ioii 
in the amount of from about 20 ppm to about 300 ppm, and wherein the amount of particle 
sedimentation in the aqueous solution is at most about 3%. 
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9. Thelowmethoxylpectinof Claim 1 having a degree of esterification fiom 
aboTrt20to50%. 



1 0 The low methoxyl pectin of Claim 9 having a degree of esterification fiom 
about 24 to 40%. 



11. Thelowmethoxylpectinofaaim9havingamolecularweightfiomabout 
60tol50kDalton. 



12. Tho low methoxyl pectin of Claim 1 1 having a molecular wei^t fiom 
about 80 to 100 kDalton. 



13. ThelowmethoxylpectinofClaimllhavingaviscosityofatleastabout 
300 CPs at a shear rate of about 0.04 s-'cPs. 

14. The low methoxyl pectin of Claim 13 having a viscosity fiom about 800 
to 1^00 CPs at a shear rate of about 0.04 s'^cPs. 

15. The low methoxyl pectin of Claim 13 having a viscosity fiom about 1 to 
20 CPs at a shear rate of about 50 s-'cPs. 

16. The lowmethoxyl pectin of Claim 15 having a viscosity fiom about i to 
1 0 CPs at a shear rate of about 50 s-'cPs. 

17. The lowmethoxyl pectin of Claim 13 having a viscosity fiom about 1 to 
15 cPs at a shear rate of about 100 s-'cPs. 

18. The low methoxyl pectin of Claim 17 having a viscosity fiom about 2 to 
7 cPs at a shear rate of about 100 s-'cPs. 



19. -IhelowmethoxylpectinofClaim 17 wherein the low methoxyl pectin is 
a powder form. 
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20- The low metho^cyrl pectin of Claim 1 7 wherein the low methoxyl pectin is 
an aqueous form which has a pH from about 2 to 6. 



21 . The low methoxyl pectin of Claim 9 having a degree of amidation fiom 
about 1 to 30%. 

5 22. The low methoxyl pectin of Claim 2 1 having a degree of amidation from 

about 4 to 21%. 

23. The low methoxyl i>ectin of Claim 9 having a degree of esterification from 
about 30 to 55%. 

24. The low methoxyl pectin of Claim 23 having a degree of esterification 
10 from about 40 to 52%. 

25. The low medioxyl pectin of Claim 23 having a degree of amidation from 
about 1 to 30%. 

26. The low methoxyl pectin of Claim 25 having a degree of amidation fiom 
about 4 to 21%. 

15 27. The low metfao?cjrl pectin of Claim 25 having a molecular weight fiom 

about 60 to 150 kDalton. 

28. The low methoxyl pectin of Claim 27 having a molecular weight fi:om 
about 80 to 100 kDalton. 

29. The low metho^qrl pectin of Claim 27 having a viscosity of at least about 
20 300cPsatashearrateof about 0.04 s^^ 

30. The law meOioxyl pectin of Claim 29 having a viscosity fiom about 800 
to i;200 cPs at a shear rate of about 0.04 S'^ 

57 



MSDOCIZk <WO 0196404A2 I > 



wo 01/96404 

PCT/USOl/18551 

31. The low methoxyl pectin ofClaim 29 having a viscosity from about 1 to 
20 cPs at a shear rate of about 50 s '. 



32. The low methoxyl pectin of Claim 3 1 having a viscosity from about 2 to 
10 CPs at a shear rate of about 50 s"'- 

33. The low methoxyl pectin of Claim 31 having a viscosity from about 1 to 
15 CPs at a shear rate of about 100 s"'* 

34. The low methoxyl pectin of Clahn 33 havmg a viscosity from about 2 to 
7 cPs at a shear rate of about 100 s"'. 



35. ThelowmeaiaxylpectmofCIaim33^^*eremtheto^ 
in a powder form. 



36. ThelowmefhoxylpectmofCIaim33wheremtheIowmethoxylpectmis 
m an aqueous form which has a pH from about 2 to 6. 

37. Aproeess forpreparing a lowmethojgrl pectm displaying pseudoplasticity 
and substantially np phase separation in aqueous solution which comprises tieating a 
pectin startmg material having a degree of est«ification of greater than about 60% to 
obtain at least a non-calchim sensitive pectin fraction, whetem the aqueous sohition 
comprises at least one polyvalent cation. 

38. The process of Oaim 37, wherein the amount of polyvalent ion is from 
about 10 ppm to about 1.000 ppm, and wherein the polyvalent is selected from one of 
aluminum ions, iron ions, manganese ions, calcium ions, and manganese ions. 

39. TTie process of Clahn 38. wherein the polyvalent is calcium ion, and 
i^erein the amount of calchim ion is from about 50 ppm to about 500 ppm. 
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40. The process of Claim 39, herein the amount of calcium ion is from about 
200 ppm to about 300 ppm. 



41 . The process of claim 38, herein the amoimt of phase separation in the 
aqueous solution is at most about 10%. 

42. The process of claim 40, ^i^erein the amount of phase separation in tbe 
aqueous solution is at most about 3%. 

43 . A process for prepariDg a low methoxyl pectin displaying pseudoplasticity 
and substantially no particle sedimentation in aqueous solution which comprises treating 
a pectin starting material having a degree of esterification of greater than about 60% to 
obtain at least a non-caldum sensitive pectin fraction, 

wherein the aqueous solution comprises at least one polyvalent cation selected 
from one of aluminum ions, iron ions, manganese ions, calciimi ions, and manganese ions» 

wherein the amount of polyvalent ion is from about 10 ppm to about 1,000 ppm, 
and wherein the amount of particle sedimentation in the aqueous solution is at most 
about 10%. 

44. The process of Claim 43 wherdn the polyvalent is calciimi ion in the 
amoimt of from about 20 ppm to about 300 ppm» and \^^erein the amount of particle 
sedimentation in the aqueous solution is at most about 3%. 

45. The process of Claim 37 vdierein the non-calcium sensitive pectin is 
pr^ared by treating a pectin starting matoial having a degree of esterification of greatear 
than about 60% with a cation-*containing preparation and an enzyme to obtain the non- 
calcium sensitive pectin fraction. 

46. The process of Claim 37 wherein the non-calcium sensitive pectin is 
pr^ared by (a) treating a pectin starting material having a degree of esterification of 
greater than about 60% with an enzyme; or (b) reesterifying the calcium sensitive pectin 
fraction to obtain the non-calcium sensitive pectin fraction. 
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47. The process of Claim 37 wherein the non-calcram sensitive pectin is 
prepared by: 

(a) treating a pectin starting mat«ial having a degree of esterification of 
greater than about 60% with a cationKX>ntaining preparation to obtain at least a non- 
calchnn sensitive pectin fiaction and a calcium sensitive pectin ftaction; 

(b) separating the non-calchnn sensitive pectin fraction ftom the calcium 
sensitive pectin fiaction; and 

(c) deesterifying or deesterifying and amidating the non-calcium sensitive 
pectin firaction to obtain the low methoxyl pectin. 

48. The pnxsessofClaim 37 ^»*ereintiie pectin starting material has a degr^ 
of estecLScation vMch is at least about 60%. 

49. The process ofClaun 48 wherein the pectin starting material has a degree 
of esterijScation vMch is at least about 70%. 

50. The process of Claim 48 wherein the pectin starting material is obtained 
from at least one of citrus peels, ^le juices, apple ciders, apple pomace, sugar beets, 
sunflowerheads,vegetablesorwasteproductsfrom plants selected from at least one of 
apples, sugar beet, sunflower and dtrus fruits. 



51. The process ofClahn 50 wherem the pectin starting material is obtained 
firom at least one of limes, lemons, grapefruits, and oranges. 

52. The process of Claim 47 prepared by deesteri^g or deesterifying and 
amidating a non-calcium sensitive pectin to obtain the low meflioxyl pectin. 

53. Theprocessofaaim52prq>aredl^deesterifymganon-calciumsensitive 
pectin to obtain the low methoxyl pectin. 
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54. The process of Claim 53 wherein the non-caldum sensitive pectin is 
deesterified with an acid in a random fashion to obtain the low methoxyl pectin. 



55. The process of Claim 54 wherein the acid is at least one of nitric, 
hydrochloric^ and sulfuric. 

5 56. The process of Claim 54 wherein the degree esterification of the low 

methoxyl pectin is from about 20 to 55%. 

57. The process of Claim 56 wherein the degree esterification of the low 
methoxyl pectin is from about 24 to 40%. 

58. The process of Claim 52 prepared by deesterifying and amidating a non- 
10 calcium sensitive pectin to obtain the low methoxyl pectin. 

59. The process of Claim 58 prepared by deesteriiying and amidating a non- 
calcium sensitive pectin with a base in a random fashion to obtaia the low methoxyl 
pectin. 

60. The process of Claim 59 wherein the base is at least one of sodium 
15 hydroxide and ammoma. 

61. = The process of Claim 59 whorein the degree esterification of the low 
methoxyl pectin is fix>m about 30 to 55%. 

62. The process of Claim 61 whwein the degree esterification of the low 
methoxyl pectin is from about 40 to 52%. 

20 63. The process ofClaim 61 wfa^inti]^ degree amidation of the low mefho^l 

pectin is from about 1 to 30%. 
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64. TTie process of Claim 63 wherein the degree amidation of the low mefhoxyl 
pectin is from about 4 to 21%. 



65. The process of Claim 52 wherein the low methoxyl pectin is a powder fomi 
or aqueous form. 

66. The process of Claim 52 wherehi tiie low methoxyl pectin has a molecular 
weight fi^om about 60 to 1 50 kDalton. 

67. The process of Claim 64 wherein the low methoxyl pectin has a molecular 
weight from about 80 to 1 00 kDalton. 

68 . The process of Claim 64 herein tiie low methoxyl pectin has a viscosity 
of at least about 300 cPs at a shear rate of about 0.04 s'*. 

69. The process of Claim 68 wherein the low methoxyl pectin has a viscosity 
from about 800 to 1^00 cPs at a shear rate of about 0.04 s'^ 

70. The process of Claim 68 wherein the low methoxyl pectin has a viscosity 
from about 1 to 20 cPs at a shear rate of about 50 s"' 

71 . The process of Claim 70 Therein the low methoxyl pectin has a viscokty 
fix>m about 2 to 10 cPs at a shear rate of about 50 s"'- 

72. The process of Claim 70 wherein the low methoxyl pectin has a viscosity 
from about 1 to 15 cPs at a shear rate of about 100 

73. The process of Claun 72 whordn the low methoxyl pectin has a viscosity 
from about 2 to 7 cPs at a shear rate of about 1 00 S"^ 
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74. The process of Claim 52 v^erein the non-calcium sensitive pectin fraction 
has a degree of esterification that is at least about 1% and at most about 15% higher than 
the degree of esterification of the starting material. 

75. The process of Claim 74 wherein the non-calcium sensitive pectin fraction 
has a degree of esterification that is at least about 7% and at most about 15% higher than 
the degree of esterification of the starting material. 

76. A process for stabilizing insoluble components m an aqueous system which 
comprises adding a low methoxyl pectin to an aqueous system, wiierein the low methoxyl 
pectin displays pseudoplasticity and substantially no phase s^amtion in aqueous solution, 
and wherein the aqueous solution comprises at least one polyvalent cation. 

77. The process of Claim 76, wherein the amount of poljrvalent ion is from 
about 10 ppm to about 1,000 ppm, and wherein the polyvalent is selected fix>m one of 
aluminum ions, iron ions, manganese ions, calcium ions, and manganese ions. 

78. The process of Claim 77, \^erein the polyvalent is calcium ion, and 
wherein the amount of calcium ion is from about 50 ppm to abovit 500 ppm. 

79. The process of Claim 78, wherein tiie amount of calcium ion is fix>m about 
200 ppm to about 300 ppm. ^ 

80. The process of claim 77, wherein the amount of phase separation in the 
aqueous solution is at most about 10%. 

81 . The process of claim 80, wherein the amount of phase separation in tiie 
aqueous solution is at most about 3%. 

82. A process for stabilizing insoluble conq)onents in an aqueous system vsdiich 
comprises adding a low methoxyl pectin to an aqueous syst^tn, i^CTein the low metfaoT^l 
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pectin displays pseudoplasticity and substantially no particle sedimentation in aqueous 
solution, 

wherein the aqueous solution comprises at least one polyvalent cation selected 
from one of aluminum ions, iron ions, manganese ions, calcium ions, and manganese ions, 

vfbetda the amount of polyvalrait ion is fix)m about 10 ppm to about 1,000 ppm, 
and wherein the amount of particle sedimentation in the aqueous solution is at most 
about 10%. 



83. The process of Claim 82 wherein the polyvalent is calcium ion in the 
amount of from about 20 ppm to about 300 ppm, and wherein the amount of particle 
sedimentation in the aqueous sohition is at most about 3%. 

84. The process of Claim 76 further comprises adding a food, or cosmetic or 
pharmaceutical product to the aqueous system. 

85. The process of Claim 84 vfbet&n the lowmethoxyl pectinhas amolecular 
weight from about 60 to 1 50 ld>alton. 

86. The process of Claim 85 wherein the low methoxyl pectin has a molecular 
weigiht from about 80 to 100 kDalton. 

87. The process of Claim 85 wherein the low methoxyl pectin has a viscosity 
of at least about 300 cPs at a shear rate of about 0 .04 S"*- 

88. The process of Claim 87 wherein the low methoxyl pectin has a viscosity 
from about 800 to about 1,200 cPs at a shear rate of about 0.04 s '. 

89. The process ofClaim 87 wherein the low mefljoxyl pectin has a viscosity 
from about 1 to 20 cPs at a shear rate of about 50 s"'. 

90. The process of Clafan 89 wherein the low methoxyl pectin has a viscosity 
from about 2 to 10 cPs at a shear rate of about 50 s"*. 
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91. The process of Claim 89 ^wdiereiii the low methoxyl pectin has a viscosity 
from about 1 to 15 cPs at a shear rate of about 100 s ^ 



92. The process of Claim 91 wherein the low meffaoxyl pectin has a viscosity 
from about to 7 cPs at a shear rate of about 100 s^^ 

93. The process of Claim 91 wherein the low methoxyl pectin is prepared from 
a non-caldum sensitive pectin. 

94. The process of Claim 93 v\dierein the low methoxyl pectin is prepared by 
deesterifying or deesterifying and anudating a non-calcium sensitive pectin. 

95. The process of Claim 94 \dierein the low methoxyl pectin is prepared by 
deesterifying a non-calcium sensitive pectin. 

96. The process of Claim 95 wherein the non-calciimi sensitive pectin is 
deesterified with an acid in a random fashion. 

97. The process of Claim 96 A?s*ierein the acid is at least one of nitric, 
hydrochloric, sulfimc, preferably nitric and hydrochloric. 

98. The process of Claim 96 wberein the degree esterification of the low 
methoxyl pectin is from about 20 to 55%. 

99. The process of Claim 98 herein the degree esterification of the low 
methoxyl pectin is from about 24 to 40%. 

100. The process of Claim 94 prepared by deesterifying and amidating a non- 
calcium sensitive pectin. 

101 . The process of Claim 100 prepared by deest^fying and amidating a non- 
calcium sensitive pectin with a base in a random &shion. 



65 



wo 01/96404 

PCT/US01/185S1 

102. The process of Claim 102 wherein the base is at least one of sodium 
hydroxide and ammonia. 



103. The process of Claim 94 herein the degree esterification of the low 
methoxyl pectin is from about 30 to 55%. 

104. The proctes of Claim 103 wherein the degree esterification of the low 
me&oxyl pectin is from about 40 to 52%. 

105. The process of Claim 103 vA^iem the degree amidation of the low 
methojqrl pectin is from about 1 to 30%. 

106. The process of Claim 105 v*erein the degree amidation of the low 
medioxyl pectin is fi»m about 4 to 21%. 

107. The process of Claim 105 wherein thepH of the aqueous system is fiom 
about 2.5 to 5. 



108. The process of Claim 107 Vfbeac&a the pH of the aqueous system is from 
about 3 to 5. 



1 09. The process of Claim 1 07 whoem the low methoxyl pectin is in a poWder 
form or aqueous form. 



110. The process of Claim 76 wherein the low methoxyl pectin displays 
pseudoplasticity and substantially no phase separation in aqueous solution which 
comprises treating a pectin starting material having a degree of esterification of greats 
than about 60% to obtain at least a non-calchmi sensitive pectin fraction. 

111. The process of Claim 76 wherein tiie non-calcium sensitive pectin is 
prepared by treating a pectin starting mataial having a degree of esterification of greater 
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than about 60% with a cation-containing preparation and an enzyme to obtain the non- 
calcium sensitive pectin fraction. 



112. The process of Claim 76 wherein the npjv^cium sensitive pectin is 
prepared by (a) treating a pectin starting material having a degree of esterijBcation of 
greater than about 60% with an enzyme; or (b) reest^ifying the calcimn sensitive pectin 
fraction to obtain the non-calcium sensitive pectin fraction. 

113. The process of Claim 76 wherein the non-calcium sensitive pectin is 
prepared by the steps A^sdiich comprise: 

(a) treating a pectin starting material having a degree of esterification of 
greater than about 60% witii a cation-containing preparation to obtain at least a non- 
calcium sensitive pectin fraction and a calcium sensitive pectin fraction; 

(b) separating the non-calcium sensitive pectin fraction from the calcium 
sensitive pectin fraction; and 

(c) deesterifying or deesterifying and amidating the non-caldum sensitive 
pectin fraction to obtain the low methoxyl pectm. 

114. The process of Claim 113 wherein the pectin starting material has a degree 
of esterificatton which is at least about 60%. 

lis. The process of Claim 114 v^erein the pectin startmg material has a degree 
of esterification which is at least about 70%. 

116. The process of Claim 115 wherein the pectin starting material is obtained 
from at least one of citrus peels, ^ple juices, apple ciders, apple pomade, sugar beets, 
sunflower heads, vegetables or waste products from plants selected from at least one of 
apples, sugar beet, sunflower and citrus fruits. 

117. Hie process of Claim 116 wherein the pectin starting material is obtained 
fit>m at least one of limes, lemons, gn^firuits, and oranges. 
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118. A stabilized aqueous system containing a lowmethoxyl pectin that displays 
pseudoplasticity and substantially no phase separation in aqueous solution comprising at 
least one poljrvalent cation. 

119. The stabilized aqueous system of Claim 118, \^erein the amount of 
polyvalent ion is from about 10 ppm to about 1,000 ppm, and wherein the polyvalent is 
selected from one of aluminum ions, iron ions, manganese ions, calcium ions, and 
manganese ions. 

120. The stabilized aqueous system of Claim 1 19, wherein the polyvalent is 
calcium ion, and wherein the amount of calcium ion is from about 50 ppm to about 500 
ppm. 

121. The stabilized aqueous system of Claim 120, \)rfierein the amount of 
calcium ion is from about 200 ppm to about 300 ppm. 

122. The stabilized aqueous sj^stem of claim 1 19, wherein the amount of phase 
separation in the aqueous solution is at most about 10%. 

123. The stabilized aqueous system ofclaun 122, wherem the amount of phase 
separation in the aqueous solution is at most about 3%. 

124. A stabilized aqueous system containing a low methoxyl pectin that 
displays pseudoplasticity and substantially no particle sedimentation in aqueous solution 
comprising at least one polyvaloit cation, 

wherein the aqueous solution comprises at least one polyvalent cation selected 
from one of aluminum ions, iron ions, manganese ions, calcium ions, and mangm^^ ions, 

wherein the amount of polyvalent ion is frtim about 10 ppm to about 1,000 ppm, 
and wherein the amount of particle sedunentafian in the aqueous solution is at most 
about 10%. 
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125. The stabilized aqueous system of Claim 124 wherein tiie polyvalOTt is 
calcium ion in the amount of from about 20 ppm to about 300 ppm, and wherein the 
amoxmt of particle sedimentation in the aqueous solution is at most about 3%. 

126. The stabilized aqueous system of Claim 118 wherein the pH of the aqueous 
system is from about 2.5 to 5. 

127. The stabilized aqueous system of Claim 126 wherein the pH of the aqueous 
system is from about 3 to 5. 

128. The stabilized aqueous system of Claim 126 wherein the degree of 
esterification is from about 20 to 55%. 

129. The stabilized aqueous system of Claim 128 wherdun the degree of 
amidation esterification is from about 4 to 21%. 

130. The stabilized aqueous system of Claim 128 wherein the low methoxyl 
pectin has a molecular weight from about 60 to 150 kDalton. 

131. The stabilized aqueous system of Claim 130 wherein the low methoxyl 
pectin has a viscosity of at least about 300 cPs at a shear rate of about 0.04 s *. 

132. The stabilized aqueous system of Claim 131 wherein the low methoxyl 
pectin has a viscosity from about 1 to 20 cPs at a shear rate of about 50 s*^ 

133. The stabilized aqueous system of Claim 132 wherein the low methoxyl 
pectin has a viscosity from about 1 to 15 cPs at a shear rate of about 100 s"\ 

134. The stabilized aqueous system of Claim 133 wherein the low methoxyl 
pectin is a powder form or aqueous form. 

135. The stabilized aqueous system of Claim 134 wherein the total amount of 
pectin in the aqueous system is from about 0.01 to 0.3 % by dry weight 

136. The stabilized aqueous system of Claim 135 wharein the total amount of 
pectin in the aqueous system is from about 0.01 to 0.2 % by dry weight 

137. The stabilized aqueous system of Claim 136 wherein the aqueous system 
comprises at least one of food product, cosmetic product, and pharmaceutical product 
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